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1.0 INTRODUCTION 


1 • 1 Introductory Comments 

All large spacecraft are susceptible to impacts by meteoroids and 
pieces of orbiting space debris. These impacts occur at extremely high 
speeds and can damage flight-critical systems, which can in turn lead to 
catastrophic failure of the spacecraft. Numerous impact craters have been 
found on Space Shuttle Orbiter windows and on the Shuttle' s -heat resistant 
tiles while a preliminary examination of the recently recovered LDEF satel- 
lite revealed tens of thousands of craters, pits, and holes. While it is 
not precisely known how many of these are due to orbital debris impacts and 
how many are due to meteoroid impacts, the susceptibility of earth- orbiting 
spacecraft to high-speed impacts is clearly evident. Naturally, the sus- 
ceptibility of such spacecraft increases with increased mission duration. 
Therefore, the design of a spacecraft for a long- duration mission must take 
into account the possibility of such impacts and their effects on the space- 
craft structure and on all of its exposed subsystem components. 

One of the ways to obtain information on the response of a structure to 
a meteoroid impact or an orbital debris impact is to simulate the impact 
conditions of interest and analyze the resulting damage to a target struc- 
ture. Hypervelocity impact testing began at the NASA/Marshall Space Flight 
Center in 1964 with the installation of a light gas gun in what is now known 
as the Materials and Processes Laboratory. The initial need and function of 
the facility was to provide a means of simulating meteoroid impacts on 
spacecraft and to provide the data required to determine the perforation 
probability of candidate spacecraft wall designs by such impacts. In the 
1970' s, the interest in testing for protection against meteoroid impacts 
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declined. However, the increased launch activity in recent years has re- 
newed interest in high speed impact testing at the NASA/MSFC facility and at 
other such facilities around the world. The attention of this new wave of 
testing has been focused on mitigating the threat posed by orbital debris 
particle impacts . 

1 . 2 Report Contents 

This Final Report presents an overview of the impact tests performed at 
NASA/MSFC in the time period 1985 to 1991 and the results of phenomena 
repeatability and data uncertainty studies performed using the information 
obtained from those tests. An analysis of the data from over 400 tests 
conducted between 1989 and 1991 was performed to generate a database to 
supplement the Hypervelocity Impact Damage Database developed under a prev- 
ious effort [1.1]. The database in Reference [1.1] contains the results of 
540 high speed impact tests performed at the NASA/MSFC between 1985 and 1989. 

In addition to the repeatability and uncertainty studies described 
herein, the analyses performed during the course of this study included the 
following tasks: 

1) a study of the effects of internal module wall pressure on perfora- 
tion resistance [1.2]; 

2) a study the effects of MLI thickness and placement within a dual- 
wall system [1.3]; 

3) a study of the differences in perforation resistance of aluminum 
2219-T87 and 5456-H116 under similar impact conditions [1.4]; and, 

4) a comparison of HULL code predictions with experimental results for 
dual-wall structures under hypervelocity projectile impact [ 1 . 5 , 1 . 6 , 1 . 7 ] . 
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The supplemental database developed as part of this investigation 
consists of two parts. The first part contains the geometric, material, and 
impact parameters for each test, including test number, projectile velocity, 
diameter, material, and shape, trajectory obliquity, bumper plate material 
and thickness , pressure wall plate material and thickness , the thickness and 
location of MLI (if applicable), and the total stand-off distance between 
the bumper and pressure wall plate. The second part contains a summary of 
the damage sustained by the impact targets, including bumper plate hole 
dimension(s) , whether or not the pressure wall was perforated or spalled, 
the equivalent pressure wall single hole diameter (if applicable), the 
diameter of the three largest perforated holes in the pressure wall plate 
(if applicable), the depth of the three deepest craters on the pressure wall 
plate and corresponding surface diameters, the total area of front-surface 
pressure wall plate damage, and the total area of rear- side pressure wall 
spall (if applicable). 


The next section presents an overview of hypervelocity impact testing 
that has been done at NASA/MS FC since 1985. Section 3.0 presents the re- 
sults of the repeatability and uncertainty studies; conclusions and recom- 
mendations for future work are presented in Section 4.0. Complete print- 
outs of the supplemental parameter and damage databases can be found in 
Appendix I and II, respectively, at the end of this report. The names of 
the LOTUS files in which the data in Appendix I and II can be found on the 
accompanying floppy disk is also provided. 
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2.0 HYPERVELOCITY IMPACT TESTING AT THE NASA/MARSHALL SPACE FLIGHT CENTER 
2-1 — °Y erv iew °f Hyperveloc ity Impact Testing at NASA /MS FC 

Orbital debris impact testing began at NASA/MS FC in July, 1985 at the 
Space Debris Simulation Facility of the Materials and Processes Laboratory 
at the NASA/Marshall Space Flight Center. The facility consists of an in- 
strumented two-stage light gas gun capable of launching 2.5 mm to 12.7 mm 
projectiles at velocities of 2 to 8 km/sec. Projectile velocity measure- 
ments are accomplished via pulsed X-ray, laser diode detectors, and a Hall 
photographic station. For a detailed description of the gun and its instru- 
mentation, the reader is referred to Reference [2.1]. 

As part of the Phase B development activities for the Space Station 
Freedom, 540 impact tests were performed using the NASA/MS FC light gas gun 
through March 1989; an additional 410 were performed as part of the Phase 
C/D activities through February 1991. Testing has been focused primarily on 
multi-wall target structures that were designed to simulate possible Space 
Station module wall Configurations. These target systems consisted of 
'bumper' , 'pressure wall', and 'witness' plates and multi-layer thermal 
insulations (MLI) . The parameters of the tests, as well as the results of 
the Phase B damage analyses, can be found in Reference [2.2], 

In the Phase C/D tests, aluminum projectiles ranging in diameter from 
3.175 mm to 9.53 mm were fired at velocities ranging from approximately 2 to 
8 km/sec. The target structures consisted primarily of aluminum plates of 
various thicknesses and spaced apart at various distances. Tests were per- 
formed with and without multi-layer insulation (MLI) of various thicknesses 
and at various positions within the spacing between the bumper plate and the 
pressure wall plate in the test specimens. Although the majority of the 
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testing was performed normal to the plane of the target, a significant 
number of oblique impact tests was performed as well. A general summary of 
the Phase B and Phase C/D tests is presented in Section 2.3 where test shots 
are grouped in broad categories such as Impact Obliquity, Configuration, and 
Stand-off Distance. Examination of the information in these tables reveals 
several features about NASA/MSFC impact testing through February 1991. 

1) The number of tests conducted at impact velocities in excess of 7 
km/sec is relatively small -- only approximately 12. 7% of all the tests 
conducted were in this impact velocity regime. 

2) Only a few shots (approximately 2.9% of all the tests conducted) 
have been fired using very large projectiles (i.e. greater than 1 cm in 
diameter) . 

3) Of the 950 total tests in Phase B and Phase C/D, approximately 57.3% 
were fired normal to the plane of the target and and only 16.1% were conduc- 
ted at trajectory obliquities at or above 60°. 

4) Nearly 82.9% of the impact tests through February 1991 have been 
performed on single bumper all-aluminum target structures. 

5) All but 16 of the tests through February 1991 (i.e. approximately 
98.3%) have been performed using spherical projectiles. 

Section 2.4 contains a series of charts that detail the distribution of 
all the single bumper tests performed through February 1991. Only single 
bumper testing was considered in the development of these charts because of 
the scarcity of multi -bumper testing and the increased number and complexity 
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of test parameters that describe such test shots. The test and configura- 
tion parameters for the single bumper shots are defined on the first page of 
Section 2.4. Any deviations from these baseline parameters are signified 
with footnotes, a legend for which is also provided in Section 2.4. 

The test distribution charts in Section 2.4 categorize the test shots 
according to the presence of MLI , the projectile diameter D (in inches), the 
impact velocity V (in km/sec), and the thickness of the bumper plate (in 
inches) . The number in the upper right hand corner of these charts is a 
number that identifies the impact obliquity, velocity range, and spacing for 
the test shots in a particular chart. For example, the number 45V23S4 im- 
plies that the test shots in that chart were all fired at 45 degrees with 
velocities between 2 and 3 km/sec and that the target was a single bumper 
specimen with a stand-off distance of 4 inches (approximately 10 cm) . 

It is noted that the charts in Section 2.4 contain the distribution of 
the Phase C/D tests as well as the Phase B tests. The Phase C/D tests can 
be distinguished from the Phase B tests by the different numbering systems 
used in the two test phases. The Phase C/D tests all begin with four 
numbers followed by a letter or a dash and another number; all other tests 
are Phase B tests. From these test distribution charts, it is evident that 
many gaps still exist in the current NASA/MS FC test database. These charts 
can be used as a guide in the selection of impact parameters for future 
hypervelocity impact test programs. Specific recommendations are presented 
in Section 4.2. 
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Section 2.3 


Summary of NASA/MSFC Hypervelocity Impact Testing 
Through February, 1991 
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t 


Number of Tests Performed 


Phase B Phase C/D Combined 


Velocity (km/sec) 

7.0 

< 

V 

< 

8.0 

61 

60 

121 

(12.7%) 


6.0 

< 

V 

< 

7.0 

165 

137 

302 

(31.8%) 


5.0 

< 

V 

< 

6.0 

94 

82 

176 

(18.5%) 


4.0 

< 

V 

< 

5.0 

103 

57 

160 

(16.8%) 


3.0 

< 

V 

< 

4.0 

85 

60 

145 

(15.3%) 


2.0 

< 

V 

< 

3.0 

31 

14 

45 

( 4.8%) 


1.0 

< 

V 

< 

2.0 

1 

0 

1 

( 0.1%) 







540 

410 

950 

(100 %) 


Diameter (cm) 

1.00 

< 

D 

< 

1.25 

16 

12 

28 

( 2.9%) 


0.75 

< 

D 

< 

1.00 

218 

173 

391 

(41.1%) 


0.50 

< 

D 

< 

0.75 

200 

137 

337 

(35.5%) 


0.25 

< 

D 

< 

0.50 

106 

88 

194 

(20.5%) 







540 

410 

950 

(100 %) 


Obliquity (deg.) 

0 

n 

337 

207 

544 (57.3%) 


15 

rv 

1 

0 

1 ( 0.1%) 


25 

1 

0 

1 ( 0.1%) 


30° 

11 

11 

22 ( 2.3%) 


45° 

A 

128 

99 

227 (23.8%) 


55 

A 

3 

0 

3 ( 0.3%) 


60 

10 

40 

40 ( 5.3%) 


65° 

44 

20 

64 ( 6.7%) 


75° 

5 

33 

38 ( 4.1%) 



540 

410 

950 (100 %) 


Configuration 

Single Wall 

11 

0 

11 ( 1.1%) 


1 Bumper 

396 

392 

788 (82.9%) 


2 Bumpers 

89 

13 

102 (10.7%) 


3 Bumpers 

6 

5 

11 ( 1.1%) 


4 Bumpers 

3 

0 

3 ( 0.3%) 


6 Bumpers 

1 

1 

1 ( 0.1%) 


Windows 

26 

0 

26 ( 2.8%) 


Bottles 

8 

8 

8 ( 1.0%) 



540 

410 

950 (100 %) 


Stand-Off Distance 

10 . 16 cm 

334 

333 

667 (84.6%) 

(Single Bumper) 

15.24 cm 

52 

11 

63 ( 8.0%) 


17.78 cm 

1 

0 

1 ( 0.1%) 


20.32 cm 

3 

0 

3 ( 0.3%) 


30.48 cm 

5 

48 

53 ( 6.8%) 


40 . 64 cm 

1 

0 

1 ( 0.1%) 



396 

410 

950 (100 %) 
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Miscellaneous Cadmium Bumpers 10 

(Totals) Cadmium Projectiles 10 

Composite Bumpers 45 

Corrugated Bumpers 11 

Non-1100 Projectiles 36 

Cylindrical Projectiles 16 

Non- 2219 Walls 48 

Non-Standard MLI 4 

Stressed Pressure Walls 34 

MLI on Bumper 11 

MLI 0.635 cm off Bumper 148 

MLI 5 . 08 cm off Bumper 21 
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Section 2.4 

Detailed NASA/MSFC Hypervelocity Impact Test Shot Distribution 

Through February, 1991 
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BASELINE PARAMETERS 

Pressure Wall Thickness . . . 

Stand-Off Distance 

Number of Bumper Plates . . . 

Projectile Shape 

Projectile Material 

Bumper Plate Material 

Pressure Wall Material 

MLI Thickness 

MLI Materials 

MLI Location 


IDENTIFICATION CODE: 45V23S4 


0-45 


o 


S-4in. 


2<V<3km/s 


0.125 in. 

4.0 in. 

1 

Sphere 
A1 1100 
A1 6061-T6 
Al 2219-T87 
30 layers 
Kapton//3-cloth 
On Pressure Wall 
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FOOTNOTES 

^-Pressure Wall Material . . . Al 5456-H116 

2 Projectile Material Al 6061-T6 

3 Backwall Thickness ....... 0.188 in. 

'•Projectile Material Al 6061-T6; L/D = 1.0 

5 Bumper Plate Material .... Al 2219 -T87 

6 Stand-0ff Distance 12 in. 

7 Stand-Off Distance 6 in. 

8 Projectile Material Steel 

9 Projectile Material Lexan 

10 Stand-Off Distance 8 in. 

1 Cylindrical Projectile 

12 Backwall Thickness 0.175 in. 

13 Backwall Thickness 0.200 in. 

14 Backwall Thickness 0.225 in. 

15 Backwall Thickness 0.160 in. 

16 Backwall Thickness 0.100 in. 

17 Backwall Thickness 0.063 in. 

18 MLI on Rear of Bumper 

19 MLI Composition Is Non-Standard 

20 Impact Angle is 5° 

21 MLI is 0.9 in. Above Pressure Wall 

22 Bumper Thickness 0.050 in. 

23 MLI 2.0 in. Beneath Bumper 

24 MLI Has 20 Standard Layers Instead of 30 

25 MLI is 0.25 in. Away From Bumper Plate 
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1 


OV23S4 



15 


w/o MLI 




0.1 < D < 0.2 0.2 < D < 0.3 


45V23S4 


■ 

O 

V 

Q 

v 

CO 

o 


t B = 0.080 tg = 0.063 t B = 0.040 t B = 0.032 




319 







301 15 









333 







16 


w/o MLI w/MLI w/o MLI w/MLI w/o MLI w/MLI 






0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 


x 


60V23S4 


t B = 0.080 t B = 0.063 t B = 0.040 tg = 0.032 




4105A 22 

4105A-1 22 






4113A 










4103A 22 
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w/o MU w/MLI w/o MU w/MU w/o MU w/MLI 



0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 


65-V23S4 


c 


tg = 0.080 tg = 0.063 tg = 0.040 tg = 0.032 




203C 



















231B 
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w/o MLI w/MLI w/o MLI w/MLI w/o MU w/MLI 





0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 


0V34S4 


■* * 


t B = 0.080 

t B = 0.063 

t Q = 0.040 

t B = 0.032 

102D 
229B 3 
229C 3 
3034B 

P-016M 7 

P-016N 7 

T2-19A 7 

T2-7 

T2-7A 

T2-5 



T2-8 



I 1 

P-01 2D 

P-013E 7 

T2-3 

3407B 

3406A 23 

3405A 23 

3405B 23 

3102A 3 

T2-14 11 



PT4A 



- 

P-014C 7 

P-027C 

P-027D 

3305C 

3101A 

3101C 3 

334 

3012C 

3001A 

- 101 
101A 

P-014 7 200 1A 7 

P-014B 7 2001B 7 
P-014D 7 
P-015C 7 
P-025 2 ' 7 
P-025A 2 ' 7 
P-027A 
P-028 

T2-2 
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w/o MLI w/MLI w/o MLI w/MLI w/o MLI w/MLI 





0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 



2 


w/o MLI w/MLI w/o MU w/MLI w/o MLI w/MLI 





0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 


60V34S4 


t B = 0.080 t B = 0.063 t B = 0.040 tg = 0.032 


4114A 

4114B 





114 2 



4113B 





113 2 



4112A 


4103B 22 

4106A 22 







21 


w/o MLI w/MLI w/o MLI w/MLI w/o MLI w/MLI 



0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 



22 


w/o MLI 


















0.2 < D < 0.3 0.3 < D < 0.4 


OV45S4 


tg = 0.080 

tg = 0.063 

tg = 0.040 

tg = 0.032 

102C 

P-016L 7 

P-016P 7 

P-020F 7 

P-020G 7 

P-020H 7 

T2-17 

T2-19 7 

3130A 6 

215A 3 

3121B 6 

213A 3 

PT8A 

PT8B 

T2-20 7 

T2-6A 

225B 7 

225C 7 

PT6A 

T2-6 


3301B 18 

3301E 

P-012C 

P-024G 2 ' 7 

T2-4 

P-034C-1 16 

3406B 23 3129A 6 
3102B 3 3129B 6 

3102D 3 3407C 

P-033B 

3120A 6 

213C 3 

PT4B 

P-003 

P-004 

P-013 7 



• 

1 



■ 

P-014A 

P-027 

P-027B 




24 


w/o MLI w/MLI w/o w/MLI w/o MLI w/MLI 














30V45S4 



25 


w/o MU 






0.1 < D < 0.2 


45V45S4 



26 


w/o MU 












0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 



2 


w/o MLI w/MLI w/o MLI w/MLI w/o MLI w/MLI 








w/o MLI 













D < 0.2 


0V56S4 


r 


O 

V 

Q 

- v 
CO 

o 


co 

o 

V 

O 

v 


<N 


V 

T" 

o 


t B = 0.080 t B = 0.063 t B = 0.040 t 0 = 0.032 


102A 

102B 

229A 3 

MD-TEST-D 
P-021D 313QA 6 

P-035C 7 3223A 6 
340 ID 23 3226B 6 

3402D 23 3226A 6 

3403D 24 3226C 6 

3404D 23 

3103A 3 3103B 3 

215B 3 

T2-15 

312 1A 6 
3220A 6 
3225 s 
3225A 6 

213B 3 

P-016 7 

T2-18 

225A 9 

T2-16 

228A 3 

3301D 

P-009 3224B 6 

P-010 3224A 6 

P-013D 7 
P-034C-2 16 
P-034C 16 3406D 23 
3407D 3306A 

3406C 23 3102C 3 

3405C 23 3102E 3 

P-033B-1 

P-033C 

3 12 IB 6 

21 3D 3 

EHSS-2B 
P-013C 7 
P-022 11 
P-024C 2 ' 7 
P-024F 2 -' 7 

2 1 4A 1 0/ 3 





3222A 6 







29 


w/o MU w/MLI w/o MLI w/MLI w/o MLI 













0.1 < D < 0.2 





3 


w/o MU w/MLI w/o MLI w/MLI w/o MLI w/MLI 




0.1 < D < 0.2 0.2 < D < 0.3 0.3 < D < 0.4 


45V56S4 


tg * 0.080 tg = 0.063 tg = 0.040 tg = 0.032 


3035A 
3035A-1 
41 1 1C 

211B 

218A 3 


216A 3 




4110C 

205C 

3308A 

9001-1 

201B 

223C 4 

336A 

900 1A 22 

9001B 22 

9001C 22 

226B 16 

221k 17 


EHSS-4C 1 

230C 

230D 



3303D 


221B 

4100C 22 



206B 

206C 

154B 

202C 

222k 

222B 



31 


w/o MLI w/MLI w/o MLI w/MLI w/o MLI w/MLI 



















D < 0.2 


0V67S4 


» * 


o 

v 

Q 

v 

CO 

o 



Q 

v 

cvj 

• 

o 


tg = 0.080 tg = 0.063 t B = 0.040 tg = 0.032 


3302E 
3202A 18 
3202B 18 
3202C 18 

EH2-B 

EH2-C 

EH2-D 

EH2-E 

EH 4 -A 

PR-EH2 5 

P-016J 7 

P-016K 7 

* 

P-021B 
P-021C 
P-035B 7 
EH4-B 
N2-P1 3 
BL-AL1“ 
BL-AL2c\l 
3227A °° 

3227D18 

215C 3 
215D 3 

301 1A 
30 1 IB 

3220B 6 

3225C 6 

107 12 
107A 13 
107B 14 
1 0 8 6 
121-1 7 
121-2 7 

EH3-A 

EHSS-6A 

EHSS-6B 

EHSS-6C 

P-016A 7 

P-016B 7 

P-016C 7 

P-016E 7 

P-020B 7 

P-020C 7 

P-021 

P-021A 

P-035 7 

225D- 1 9 ' 11 

228B 3 

330 1C 18 
3306B 

P-011 

P-012B 

P-022A 11 

3405D 23 

3406D1 23 

3306D 

3206 

3010-1-B 

3002A 
3221A 6 
322 IB 6 


EHSS-lA 1 ^-, P-034 16 
EHSS-1B 1 “2002A 7 
EHSS-1C 1 §2002B 7 
EHSS-2A C4J 2002C 7 
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3.0 REPEATABILITY AND UNCERTAINTY ANALYSES 

3 . 1 Introductory Comments 

This section presents the results of the experimental phenomena repeat- 
ability and data uncertainty analyses performed using the NASA/MSFC Phase B 
and Phase C/D hypervelocity impact test data. Following a summary of the 
principles involved in uncertainty analysis, the methodologies used in the 
analyses is described. The principles discussed are a synopsis of those 
presented in Ref. [3.1] and can be explored in greater detail by consulting 
that text. The results of the analysis are then presented and discussed. 
Recommendations are offered for future test programs that would enhance and 
expand the results presented herein. 

3 . 2 Concepts in Uncertainty Analysis 

In any experimental procedure, a question exists as to whether or not 
the procedure will yield the same results if the experiment were to be 
repeated under identical conditions. In almost all cases, the answer is 
negative. A simple explanation for this is that there is no such thing as a 
perfect experiment with a perfect measuring device. All measurements are 
bound to contain errors that may vary from trial run to trial run, even 
under the same experimental conditions. The nature of these errors must be 
well understood if experimental results are to be used in subsequent cal- 
culations, comparisons, or design exercises. 

Measurement error, i.e. the difference between a measured value and the 
true value of a measureable quantity, can be said to consist of two parts. 
One part, called 'bias error', refers to a fixed component of the total 
error that is present in all measurements of a specified quantity. Another 
part, the 'precision error', refers to the random component of the total 
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error that varies from one measurement to the next, even of the same quanti- 
ty by the same individual. 

Unfortunately, we never know the true value of any quantity we measure. 
Therefore, it is impossible to explicitly state what the error is in the 
measurement of an experimental quantity. However, it is still possible to 
make a statement about our perception of the true value of a quantity based 
on our measurements of it. This statement typically consists of specifying 
how confident we are (usually in the form of a percentage) that the true 
value lies within an interval about the mean value of our measurements of a 
specific quantity. The extent of that interval about that mean value is 
called the uncertainty in the quantity for our specified confidence value. 
For example, we can say that we are 95% sure that the actual elastic modulus 
of a material is 100 GPa + 20 GPa, but only 75% confident that it is 100 GPa 
+ 5 GPa. As illustrated in this example, our confidence that the true value 
of a quantity lies within a certain interval decreases as the interval 
decreases. 

The analysis of uncertainties in experimental measurements provides the 
user of experimental data with an estimate of experimental error. It also 
provides a measure of how 'good' the experimental results really are. Tra- 
ditional uncertainty analysis requires that a relatively large number of 
experimental runs be performed under the same conditions in order to have a 
fairly large level of confidence that the results obtained are either repre- 
sentative of the true value or are all off by a fixed amount. However, if 
an experiment is performed only once or just a few times, it is very diffi- 
cult to assess the level of uncertainty in the experimental results. 
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3 . 3 Methodology 

3.3.1 Overview and Objectives 

The objectives of the analyses performed were two-fold: first, to 
quantify the repeatability of the phenomena ocurring in dual-wall structures 
under hypervelocity impact based on the testing performed at the NASA/MSFC 
light gas gun during the time period 1985-1991; and second, to determine 
the uncertainty of the measurements taken from damaged test -specimens . 

These objectives were achieved through the following two stage analysis 
procedure . 

The first stage of the analysis was concerned with simply whether or 
not identical dual-wall structures would be perforated or exhibit rear- side 
spallation under the same impact conditions. This issue was concerned only 
with consistency in overall response -- perforation vs. no perforation or 
spall vs. no spall -- under the same impact conditions. Since no measure- 
able quantity was involved in this stage of the analysis, standard uncer- 
tainty analysis procedures were not used; only an approximate quantifiable 
measure of the overall repeatability of the phenomena ocurring in dual-wall 
structures under hypervelocity impact based on testing at the NASA/MSFC 
light gas gun facility was obtained. 

The second stage of the analysis focussed on the uncertainty of the 
measurements of detailed response characteristics for identical structures 
under the same impact conditions . Response characteristics such as pressure 
wall equivalent single hole diameter, pressure wall damage area and rear- 
side spall area were analyzed to determine level of uncertainty in the data 
produced by the test facility as well as the consistency of the damage 
levels found in dual-wall structures under hypervelocity impact. 
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A review of the Phase B and Phase C/D impact test parameter databases 
revealed an unfortunate circumstance :*»very few of the impact* tests were 
repeated under the same impact conditions. Thus, a traditional repeatabili- 
ty analysis of the phenomena involved in the response of dual-wall struc- 
tures to hypervelocity projectile impact and a traditional uncertainty 
analysis of the measured test data were impossible to perform. However, 
rather than abandon the entire exercise, modified repeatability and uncer- 
tainty analyses were performed by pooling together several related groups of 
tests. This resulted in sample sizes of at least 5 to 10 related tests per 
group. While the pooled test groups were by no means large, at least some 
sort of comparison and assessment of phenomena repeatability and test data 
uncertainty became possible. For example, one such grouping was all tests 

on dual-wall structures without MLI and with t -1.6 mm, t -3.175 mm, and 

s w 

S— 10.16 cm. Within that group, tests were then paired according to similar- 
ity in projectile diameter, trajectory obliquity and impact velocity. 

All test groups possible using the Phase B and Phase C/D data are shown 
in Tables 3.10-3.13 in Section 3.8. In Tables 3.10-3.13, the position of 
the MLI in a particular test is denoted by one of the abbreviations RB, BB, 
HW, or PWP. The abbreviations correspond to on the rear of the bumper 
plate, 0.25 inches in back of the bumper plate, half-way between the bumper 
and pressure wall plates, and one the pressure wall plate, respectively. In 
these tables, it can be seen that the velocities of 'identical' tests are 
not equal. With a complex test apparatus such as a light gas gun, it is 
virtually impossible to duplicate impact velocity. At best, one can expect 
velocities to be within 0.1 or 0.2 km/sec of each other. Thus, in the 
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pairing of the tests in each group, tests with impact velocities within 0.2 
km/sec of each other were considered to be similar enough so that their 
results could be compared against each other. This presumption is justified 
by the following argument. 

The response of the dual -wall structure is governed by the extent to 
which the projectile and the impacted outer wall fragment, melt, and/or 
vaporize. The extent of fragmentation, melting, and/or vaporization is in 
turn governed by the shock pressures generated by the initial impact. A 
simple one -dimensional shock physics analysis using the shock jump condi- 
tions and a linear relationship between shock velocity and particle velocity 
shows that shock pressures are found by the addition of two terms. The 
first term is linearly related to particle velocity while the second is a 
function of particle velocity squared. Since the particle velocity is 
directly related to the impact velocity, it follows that shock pressures are 
a function of linear and quadratic terms in impact velocity. 

In light of this reasoning, the effect of a difference of 0.2 km/sec in 
impact velocity would only be significant in the linear term; its effect 
would be negligible in the quadratic term. For an impact velocity of of 3 
km/sec, a change of 0.2 km/sec would represent a change' of approximately 
6.7% in shock pressure, while at 7 km/sec the change in shock pressure would 
be only 2.9%. In either case, if these low changes in shock pressures do 
not result in a change in the physical nature of the response (i.e. so long 
as both velocities are below the velocity required to fragment the projec- 
tile and bumper plate, or so long as both are below the incipient melt 
velocity, etc.), then the effects of a 0.2 km/sec difference in impact 
velocity can be ignored. 
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3.3.2 Phenomena Repeatability Methodology 


In the first stage of the repeatability analysis, a quantifiable level 
of repeatability for dual -wall systems tested in the NASA/MSFC light gas gun 
was determined by calculating how many test pairs within a group of tests 
sustained pressure wall perforation or rear-side spall in both tests of each 
pair and how many did not. The repeatability for that group of tests was 
then stated as the percentage of test pairs that were in agreement with 
regard to pressure wall perforation or rear -side spallation. This quantity 
will be referred to as the 'Repeatability Index' for the specific group of 
tests under consideration. The results of the analyses performed in this 
stage are summarized for the various test groupings in Tables 3. 1-3. 5. 

In the test groups presented in these Tables, the position of the MLI 
within the dual -wall system is accounted for only in the pairing of the 
tests used in direct comparisons (see Section 3.8). In presenting a summary 
of the results in Tables 3.1 through 3.5, no distinction is made between the 
various MLI positions noted in the tables in Section 3.8. Also, whereas 
Table 3.1 presents Repeatability Indices for stand-off distances of 10.16, 
15.24, and 30.48 cm, the results presented in Tables 3.2 through 3.5 are 
only for tests with a 10.16 stand-off distance. The small number of tests 
at the other larger stand-off distances precluded any further more detailed 
analyses being performed. Finally, entries of 'N/A' in Tables 3.4a and 3.5 
indicate the absence of any test pairs with the particular experimental 
parameter under consideration (i.e. impact velocity and bumper thickness in 
Tables 3.4a and 3.5, respectively). 
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3.3.3 Uncertainty Analysis Methodology 

The second stage of the analysis consisted of a more traditional uncer- 
tainty analysis of the experimental data obtained from the high speed impact 
tests. These methods were somewhat modified to account for the paucity of 
tests under identical test conditions. In addition, two different but 
related approaches were used in performing the uncertainty analyses. Be- 
cause of the scarcity of tests with the same impact parameters, it was not 
possible to determine the uncertainty in actual test results for bumper 
plate hole diameter, for example, or for pressure wall damage area. How- 
ever, by pooling together the results of several related tests, it became 
possible to determine the uncertainty in the ratios of, for example, pres- 
sure wall damage area for all the pairs of tests within a specific group. 

The first approach was based on the presumption that the lack of suffi- 
cient information precluded making any specific comments regarding the 
'true' value of any parameter based on the experimental data available. 
However, in this case, it was still possible to calculate for a given confi- 
dence level 'c' and for the parameters of the test group under considera- 
tion, the interval within which 'c%' of the response parameter ratios would 
be expected to fall if more tests were performed under similar impact condi- 
tions. These results can also be used to state that there would be a 'c%' 
probability that a test ratio pair would lie in the calculated response 
parameter ratio interval. 

, . The second approach differed from the first in that it was used to 
calculate, for a given confidence level 'c' and for the parameters of the 
test group under consideration, the interval within which it can be supposed 
lay the 'true' value of a damage response parameter for a given set of 
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impact parameters relative to test data obtained at those same parameters . 

In both approaches , the calculations performed assumed that there were no 
bias errors present in the data. These two approaches are discussed in more 
detail in Sections 3. 3. 3.1 and 3. 3. 3. 2, respectively. 

Since the analysis in this stage of the effort required comparisons 
between response characteristics that were sensitive to impact velocity, it 
was originally thought that the quantities being considered should be ad- 
justed to reflect any difference in velocity between two tests. However, 
the only way this could have been done was by using an empirical predictor 
equation for the response characteristic under consideration to determine 
some sort of 'adjustment factor' for the results of one of the tests. Since 
the predictions of such equations themselves have some inherent error, such 
adjustments would be counter-productive and would confuse rather than clari- 
fy the issue. Thus, actual test results were used in the second phase of 
the repeatability study even though the impact velocities for a test pair 
may have differed by 0 . 2 km/sec. 


3 . 3 . 3 . 1 Uncertainty Analysis -- First Approach 

Mathematically, a 'cl' response parameter ratio interval can be defined 
as follows: 


- V 


c p 


( 1 ) 


where a and a are the mean and standard deviations of the ratios p for a 
P P 

particular quantity (i.e. hole diameter, damage area, etc.) for the test 
pairs within a specific test group. The quantity is a numerical multi- 
plier that is obtained from statistical tables (see, e.g. [3. 1,3. 2}) and is 
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a function of the number of ratios considered in calculating y, 
the level of confidence 'c' specified. 


and a 

P 


and 


At this point it should be noted that there are two basic ways of 
calculating the ratios described above. The first is to force all the 
ratios within a test group to be less than unity by dividing the smaller of 
the two quantities in the test pairs by the larger; the second is to force 
all the ratios within a test group to be greater than unity by doing the 
exact opposite. If all the ratios are less than one, the following modified 
version of equation (1) provides the interval of interest for a specified 
confidence level: 

V 1 • ”cVi *= <• < %< 1 + Wi < 2 *> 

where i 1 an h ^ are the mean and standard deviation of the ratios for a 
particular response quantity, respectively, when all the ratios are less 
than one. If all the ratios are greater than one, the following equation 
will provide the required interval: 


Vi ■ V P >1 < ' < %>1 + Wi <2b > 

where P p> ]_ anc * a p> i are the mean and standard deviation of the ratios for a 
particular response quantity, respectively, when all the ratios are greater 
than one . 

Since there is no reason to suppose that the next response parameter 
ratio will be less than or greater one, it may be argued that the appro- 
priate interval to be calculated for a given confidence level is one whose 
lower limit given by equation (2a) and whose upper limit given by equation 
(2b), that is, 
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( 3 ) 


H - t) 1 7 < p < u ^ . + ri ct 

p< 1 C P<1 0 P>1 c P>1 

where p^ represents the ratio of two response parameter values without any 
specification that the ratio be less than or greater than one. It is this 
modified c% confidence interval that will be used to specify the range 
within which 'cl' of the response parameter ratios would be expected to fall 
if a large number of tests were to be performed under similar test conditions. 

The analyses described in the previous paragraphs require the assump- 
tion of a certain confidence level 'c' to determine a modified 'cl' confi- 
dence interval. The specified value of 'c' and the number of degrees-of- 
freedom 'n' in a particular test group (which equals one less than the 
number of tests 'N' within a specific group) is the information required to 
obtain the appropriate value of r? c to be used in equation (3) . Values of 
for certain values of ' c' and n-»N-l are given in Table 3.6; Tables 3. 7 -3. 9 
contain means and standard deviations for the various test groupings con- 
sidered in this portion of the study. 

3. 3. 3. 2 Uncertainty Analysis -- Second Approach 

The equations required for the second approach are obtained using the 
same principles as those which were used in the derivation of the equations 
for the first approach. Specifically, to obtain a cl confidence interval 
for a test value - to - true value ratio that is less than one, equation (2a) is 
re-written as 


p .. - q a i < /X < p + n a - 

p < 1 c p < 1 test true p<l c p<l 


(4a) 


where X is a test value for a response parameter under specific test 
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conditions, X true is the 'true' value of that parameter under the same test 
conditions, and the quantities r) , fi ^ and a ^ are as defined in Section 

C p<L p<L 

3. 3. 3.1. Similarly, equation (2b) then becomes 

- V o < /X _ < p. + t) a _ (4b) 

p>l c p>l true / test ^ p> 1 c p > 1 k ' 

As before, since we do not know if the 'true' value of a response parameter 
under consideration is less than or greater than an existing (or a future) 
test value, equations (4a) and (4b) are combined to yield 

Vl ' "oVl < p 0 < Vl + <5) 

where again p Q represents the ratio of the true value to a test value 
without any specification that the ratio be less than or greater than one. 
Values for are again found using Table 3.6 and as before, Tables 3.7 
through 3.9 are used to obtain means and standard deviations for the various 
test groupings considered. 

3.4 Results and Discussion -- Repeatability Analysis 
3.4.1 Introductory Comments 

The results of the phenomena repeatability analysis (i.e. phase one of 
the total effort) presented in Tables 3.1 through 3.5 show that if 3 identi- 
cal dual-wall structures with t w =3.175 mm and S=10.16 cm were tested using 
the NASA/MSFC light gas gun under similar impact conditions (i.e. identical 
projectile diameter and trajectory obliquity, impact velocity within 0.2 
km/sec), then it is entirely likely that either the pressure walls in 2 of 
these 3 tests will be perforated and 1 will not or the pressure walls in 2 
of these tests will not be perforated and 1 will. These Tables also show 
that the repeatability of rear-side spallation (or the lack thereof) in such 
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dual-wall structures is considerably higher: of 10 tests performed, it is 
highly likely that 9 of them will all either show some sort of rear- side 
spallation and 1 will not or 9 of them will all either not be spalled and 1 
of them will. A more detailed review of Tables 3.2 through 3.5 reveals the 
following trends in perforation and spallation repeatability for dual -wall 
structures based on the Phase B and Phase C/D impact testing performed using 
the NASA/MSFC light gas gun. 

3.4.2 Repeatability as Function of Stand-Off Distance 

Although the number of tests with a 10.16 cm stand-off distance was 
much greater than the number of tests with a stand-off distance larger than 
10.16 cm, certain trends are still discernable in the data in Table 3.1. 

Most apparent in Table 3.1 is that the perforation and spallation Repeata- 
bility Indices for S=15.24 and 30.48 cm are much lower than those for 
S-10.16 cm. This can be explained by the following considerations. 

The most significant effect that increasing the stand-off distance has 
on the response of a dual-wall structure is that it allows the debris cloud 
created by the initial impact to expand still further before sriking the 
pressure wall plate. When S=10.16 cm, the debris cloud is more compact than 
when S=30.48 cm. Any inhomogeneities in the debris cloud (e.g. pockets of 
air, solid particle concentrations, etc.) are more likely to have a signifi- 
cant effect when the debris cloud is allowed to expand as much as possible. 
Otherwise, when the debris cloud is relatively compact, debris cloud 
inhomogeneities are overwhelmed by the overall debris cloud loading. Thus, 
the response among tests with S=30.48 cm will vary more from test to test 
because debris cloud inhomogeneities, which are a function of material 
defects and metallurgical imperfections, will vary from test to test. 
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3.4.3 Repeatability as Function of MLI Presence 


Where comparisons between perforation Repeatability Indices for struc- 
tures with and without MLI were possible (ie. in Table 3.2: 0=00,30°; in 
Table 3.3: D=0.635 cm, and D=0 . 795 , 0 . 953 cm; in Table 3.4b: 6<V<7 km/sec; 
and, in Table 3.5: t s =1.6 mm), the perforation Repeatability Indices for 
structures without MLI were greater than those for structures with MLI by 
approximately 23%. This increased perforation repeatability for dual-wall 
structures without MLI is probably due to the fact adding the MLI introduced 
another variable into the processes underway as a dual -wall system responds 
intially to the projectile impact loading and then the loading(s) due to the 
impact of the debris cloud(s) created by the initial impact. This extra 
variable in the response would naturally affect the interaction of the 
various processes, increase the range of possible response characteristics, 
and therefore decrease repeatability as compared to systems in which it was 
not present. 

3.4.4 Repeatability as Function of Impact Angle 

As the impact angle was increased from 0° to 75°, the repeatability 
indices for dual-wall structures with MLI hovered around 72% and then dec- 
reased to approximately 63% (Table 3.2). When the impact angle is below the 
critical angle of obliquity [3.3], the majority of debris cloud material is 
forced into the dual-wall system; only a small amount is expelled rearward 
as backsplash or ricochet debris. However, then the impact angle exceeds 
the critical angle, the majority of the debris cloud material is expelled as 
ricochet debris. For aluminum projectile impacting thin aluminum plates, 
this angle has been shown to have a value of approximately 60-65° [3.3], 
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Thus tests performed near the critical angle (i.e. at 60° and 65°) may show 
a wide variation in response characteristics as the response of the dual- 
wall system transitions from one mode of response (inward travelling debris 
clouds) to another (outward travelling or ricochet debris clouds) . 

While the Repeatability Index for dual-wall structures without MLI was 
relatively high for near-normal impacts (nearly 80%) , sufficient information 
was not available at other trajectory obliquities to be able to quantify 
repeatability. With regard to spallation repeatability, for dual- wall 
structures with MLI, the Repeatability Indices increased as the impact angle 
increased. As noted previously, the presence of MLI effectively eliminates 
the possbility of rear-side spallation [3.3]. Hence, the agreement observed 
is for the most part agreement in the fact that spall will not occur. Since 
the amount of rear-side spall also decreases as impact angle increases, the 
repeatability of spall not occurring will naturally increase as impact angle 
increases . 

3.4.5 Repeatability as Function of Projectile Diameter 

Based on Table 3.3, both the perforation and the spallation repeatabil- 
ity indices increased as projectile diameter increased. This can be ex- 
plained by considering the nature of pressure wall perforation as a function 
of impact energy, which is directly related to projectile diameter. When 
impact energy is relatively low, pressure wall perforation is driven by 
mechanical processes like fracture. These processes are very sensitive to 
mechanical or metallurgical imperfections so that in low energy impact, the 
repeatability of pressure wall perforation will be dependent on metallurgi- 
cal consistency from test to test. If such consistency is not maintained, 
perforation repeatability in relatively low energy impacts (i.e. relatively 
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small projectile diameters) will be relatively low. It is noted that when 
the impact energy is low enough so that perforation of the pressure wall is 
not likely to occur, we can expect repeatability to go up again since the 
response (i.e. non-perforation) will be more consistent. Alternatively, for 
a high energy impact, pressure wall perforation is driven by hydrodynamical 
considerations which are not as sensitive to mechanical defects as mechani- 
cal processes. Thus, for high energy impacts (i.e. for impacts with larger 
projectile diameters), the response will be relatively uniform. 

3.4.6 Repeatability as Function of Impact Velocity 

According to the arguments presented in the discussion of repeatability 
as a function of projectile diameter, it would be expected that repeatabili- 
ty would be relatively high for impact velocities below approximately 3 to 4 
km/sec and above approximately 6 km/sec. Between 3 and 6 km/sec, where 
mechanical processes dominate the perforation of the pressure wall plate, 
repeatability would be expected to be lower than in the other two cases. As 
can be seen in Tables 3.4a and 3.4b, this is indeed the case for dual -wall 
structures with MLI : the perforation Repeatability Index varies from 90% at 
impact velocities below 4 km/sec to 57% for velocities between 5 and 6 
km/sec to 90% again for speeds in excess of 7 km/sec. 

3.4.7 Repeatability as Function of Bumper Thickness 

From Table 3.5, it can be seen that the perforation Repeatability Index 

increases from only 50% at t =1.02 mm to 80% at t =2.03 mm for dual-wall 

s s 

structures with MLI. The scarcity of data for structures without MLI except 
in one test group prevents any conclusions from being drawn regarding the 
effect of bumper thickness on repeatability for such structures. With 
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regard to spallation for dual-wall structures with MLI , the repeatability 
index starts out quite high for very thin bumper plates, decreases slightly 
as the bumper thickness increases, and then increases to a high level for 
the thickest bumper plate. Because MLI is present in these dual -wall sys- 
tems, the agreement is with respect to the non- occurrence of rear-side 
spall; the spall that did occur in the tests with medium- thickness bumper 
plates was minimal. Therefore, the variation in the Repeatability Index for 
rear-side spall as a function of bumper thickness is not very significant. 
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Table 3.1 Overview of Perforation and Spallation Repeatability 


Test Group 

BP/BNP i 

0F/0NP2 

PRI 1 2 3 * 

BS/BNS* 

OS/ONS 5 

SRI 6 

2 . 9<V<7 . 3km/s 
0=0° ,45° ,60° , 

65° ,75° 

0=0.475,0.635 cm 
0.795,0.953 cm 
S=10 . 16 cm 
t =1.02,1.27,1.60, 
S 2.03 mm 
With MLI 

36 

16 

69.2% 

46 

6 

88.5% 

5 . 1<V<6 . 9 km/s 
0=0°, 45° 

D=0. 635, 0.795 cm 
0.953 cm 
S=30.48 cm 
t =1 . 6 mm 
With MLI 

3 

2 

60.0% 

2 

3 

40.0% 

3 . 6<V<7 . 2 km/s 
0=0° ,30° 

D=0. 475, 0.635 cm 
0.795 cm 
S=10 . 16 cm 
t =1.60,2.03 mm 
Without MLI 

10 

2 

83.3% 

12 

0 

100.0% 

3 . 7<V<7 . 1 km/s 
0=0° 

D=0. 475, 0.635 cm 
S-15.24 cm 
t =1.6 mm 
Without MLI 

4 

3 

57.1% 

3 

4 

42 . 9% 

Overall 

53 

23 

69 . 7% 

63 

13 

82.9% 


1 Both tests perforated or both tests not perforated 

2 0ne test perforated and one test not perforated 

3 Perforation Repeatability Index 

6 Both tests spalled or both tests not spalled 

5 0ne test spalled and one test not spalled 

6 Spallation Repeatability Index 
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Table 3.2 Perforation and Spallation Repeatability 



as 

a Function of Impact Angle (S=10 

.16 cm) 


Test Group 

BP/BNP 

OP/ONP PRI 

BS/BNS 

OS/ONS 

SRI 

5-00,30° 

. 9<V<7 . 3km/s 
D-0 .475 , 0 . 635 cm 
0.795,0.953 cm 
t S — 1.02,1.60 mm 
With MLI 

18 

7 72.0% 

23 

2 

92.0% 

3 . 6<V<7 . 2km/ s 
D-0. 475, 0.635 cm 
0.795 cm 
t —1 .60,2.03 mm 
Without MLI 

7 

2 77.8% 

9 

0 

100 . 0% 

5-450 

3 . 1<V<6 . 9 km/s 
D-0. 475, 0.635 cm 
0.953 cm 
t -1.27,2.03 mm 
With MLI 

13 

6 72.2% 

16 

3 

88.9% 

6.6<V<7.0 km/s 
D-0. 635, 0.795 cm 
t -1.60 mm 
Without MLI 

2 

0 (l) 7 

2 

0 

(l) 7 

5- 600,650,750 

2 . 9<V<6 . 5 km/s 
D-0. 635, 0.795 cm 
t -1.02,1.27 mm 
S 2.03 mm 
With MLI 

5 

3 63.5% 

8 

0 

100 . 0% 

7 . 1<V<7 . 3 km/s 
D-0 .475 cm 
t =1.60 mm 
Without MLI 

1 

0 (1) 

1 

0 

(1) 

Overall 

46 

18 71.9% 

59 

5 

92.2% 

7 Sufficient no. 

of tests 

not available for Repeatability 

Index calculation 
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Perforation and Spallation Repeatability as a 
Function of Projectile Diameter (S-10.16 cm) 


Test Group 

BP/BNP 

OP/ONP PRI 

BS/BNS 

OS/ONS 

SRI 

D=0.475 cm 

6 . 4<V<7 . 3 km/s 
5=0° , 45° 
t =1.02,2.03 mm 
With MLI 

1 

1 (1) 

2 

0 

(1) 

3 . 6<V<7 . 3 km/s 
5=00,650 
t =1.60,2.03 mm 
Without MLI 

2 

1 66.7% 

3 

0 

100.0% 

D=0.635 cm 

2 . 9<V< 6 . 9 km/s 
5=00,450,65° 
t =1.02,1.27 mm 
S 1.60,2.03 mm 
With MLI 

16 

10 61.5% 

21 

5 

76.9% 

4 . 9<V<7 . 2 km/s 
5=00,300,450 
t =1.60 mm 
Without MLI 

4 

1 80.0% 

5 

0 

100.0% 

D=0 . 795 , 0 . 953 cm 

2 . 9<V<7 . 2 km/s 
5=00,450,600,75° 
t =1.02,1.27 mm 
S 1.60,2.03 mm 
With MLI 

19 

5 79.2% 

24 

0 

100.0% 

4 . 3<V<6 . 8 km/s 
5=00,450 
t =1.60 mm 
Without MLI 

4 

0 100 . 0% 

4 

0 

100.0% 

Overall 

46 

18 71.9% 

59 

5 

92.2% 
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Table 3.4a Perforation and Spallation Repeatability as a Function 
of Impact Velocity (S=10.16 cm, 2 . 9<V<6 Icm/sec) 


Test Group 

BP/BNP 

OP/ONP PRI 

BS/BNS 

OS/ONS 

SRI 

2.9<V<4 km/sec 

0-0° , 45° , 75° 

D-0. 635, 0.795 cm 
t -1.60,2.03 mm 
With MLI 

9 

1 90.0% 

9 

1 

90.0% 

0-00 

D-0. 47 5 cm 
t —2.03 mm 
Without MLI 

0 

1 (1) 

1 

0 

(1) 

4<V<5 km/sec 

0-00,65° 
D-0. 635 cm 
t -1.60 mm 
With MLI 

1 

1 (1) 

1 

1 

(1) 

0-00 

D— 0 .475 , 0 . 635 cm 
0.795 cm 
t -1.60,2.03 mm 
Without MLI 

3 

0 100.0% 

3 

0 

100.0% 

5<V<6 km/sec 

0-45° 

D— 0.635 cm 
t -1.27 mm 
With MLI 

4 

3 57.1% 

4 

3 

57.1% 

Without MLI 

N/A 

N/A N/A 

N/A 

N/A 

N/A 
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Table 3.4b Perforation and Spallation Repeatability as a Function 
of Impact Velocity (S=10.16 cm, 6<V<8 km/sec) 


Test Group 

BP/BNP 

0P/0NP PRI 

BS/BNS 

0S/0NS 

SRI 

6<V<7 km/sec 

0—0° , 45° , 75° 

D-0. 475, 0.635 cm 
0.795,0.953 cm 
t -1.02,1.27 mm 
S 1.60,2.03 mm 
With MLI 

15 

10 60.0% 

24 

0 

100.0% 

0-0° , 30° , 45° 

D-0. 635, 0.795 cm 
t -1.60 mm 
Without MLI 

5 

1 83.3% 

6 

0 

100.0% 

7<V<8 km/sec 

0-0° 

D-0. 475, 0.795 cm 
t -1.02,1.60 mm 
With MLI 

7 

1 87.5% 

9 

0 

100 . 0% 

0-30° ,65° 

D-0 . 475 , 0 . 635 cm 
t -1.60 mm 
Without MLI 

2 

0 (1) 

2 

0 

(1) 

Overall^ 

46 

18 71.9% 

49 

5 

92.2% 


^Includes Tables X-4a and X-4b 
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Table 3.5 Perforation and Spallation Repeatability as a 



Function 

of Bumper Thickness 

(S-10.16 

cm) 


Test Group 

BP/BNP 

OP/ONP PRI 

BS/BNS 

0S/0NS 

SRI 

t -1.02 mm 
s 

4 . 6<V<7 . 3 km/s 
D-0. 475, 0.635 cm 






0.795 cm 

3 

3 50.0% 

6 

0 

100.0% 

0-0° ,65° 
With MLI 






Without MLI 

N/A 

N/A N/A 

N/A 

N/A 

N/A 

t =1.27 mm 
s 

2.9<V<6.4 km/s 
D-0. 635 ,0.953 cm 
0-45°,6O° 

With MLI 

8 

7 53.3% 

12 

3 

80.0% 

Without MLI 

N/A 

N/A N/A 

N/A 

N/A 

N/A 

t -1.60 mm 
s 

2 . 9<V<7 . 2 km/s 
D-0. 635,0. 795 cm 
0.953 cm 
0-0° 

With MLI 

17 

4 80.9% 

19 

2 

90.4% 

4 . 3<V<7 . 3 km/s 
D-0. 475, 0.635 cm 






0.795 cm 

9 

1 90.0% 

10 

0 

100.0% 

0-0°, 30°, 45°, 65° 
Without MLI 






t =2.03 mm 
s 

3 . 1<V<6 . 9 km/s 
D-0 .475 , 0 . 635 cm 
0.795 cm 
0-45 °,75° 

With MLI 

8 

2 80.0% 

10 

0 

100.0% 

3 . 6<V<4 . 3 km/s 
D-0.475 cm 
0-0° 

Without MLI 

1 

1 (1) 

2 

0 

(1) 

Overall 

46 

18 71.9% 

59 

5 

92.2 % 
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3.5 Results and Discussion -- Uncertainty Analysis 

3.5.1 Introductory Comments 

This section consists of a discussion of the results obtained using the 
two approaches to the data uncertainty analysis developed in Section 3.3.3. 
Also presented are several examples using the equations derived and the 
information provided in Tables 3. 6-3. 9. The use of the Tables and equations 
for the two approaches is demonstrated first, followed by a -discussion of 
the observable trends in the uncertainty analysis data. It is noted that in 
Table 3.7, for a non-zero impact angle, the first and second lines of 
information pertain to the minimum and maximum hole dimensions, respectively. 

3.5.2 Illustrative Examples -- First Approach 

The data in Tables 3. 6 -3. 9 can be used to calculate intervals within 
which a certain percentage of response parameter ratios can be expected to 
lie, given a certain level of confidence. Alternatively, the specified 
confidence level is the probability that the a particular response parameter 
ratio is within the calculated interval. In either case, it is assumed that 
there is no fixed or bias error present in the experimental readings. 

As an example, consider a test series in which 0.795 cm (0.313 in.) 
diameter projectiles normally impact a dual -wall system at a speed of 6.5 
km/sec. We wish to know what are the extents of the intervals within which 
lie 75% and 90% of the bumper plate hole diameter ratios for the given 
impact conditions. Using equation (3) together with the values of u „ ,a 

p < 1 p < 1 

a nd > a p>i l n Table 3.7 for a 0° impact, we have 

0.944 - 0.050fJ c < p o < 1.062 + 0.058y c (6) 

where rj ^ is dependent on the specified level of confidence ' c' and the 
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number of degrees of freedom n=N-l in the test group under consideration. 

In this case, N=20 so that n=19 ; if we specify a 75% confidence level, then 
from Table 3 . 6 we see that r? =0.688. Substituting ^=0.688 into equation 
(4) tells us that there is a 75% probability that, if fixed errors in lata 
collection are ignored, the ratio of the bumper plate hole diameters .tor two 
additional tests at similar impact conditions will lie between 0.906 and 1.102. 

For a 90% confidence level, Table 3.6 tells us that n =1.328. Sub- 

c 

stituting this value into equation (6) results in an interval that extends 

from 0.878 to 1.139. In this case, as for the previous confidence level 

considered, the extent of the interval about unity is relatively small (only 

10-12% on either side of unity). This is due to the small deviations of the 

ratios of recorded hole diameter ratios about a value of 1.0 as is evidenced 

by the proximity of the means and to 1.0 and the small values of 

the standard deviations a . and a , in Table 3.7. 

p < 1 p>l 

The same procedure can be used to determine modified confidence inter- 
vals for the pressure wall hole diameter data (in the event of a perfora- 
tion) and the pressure wall damage area data. For example, for a test 
series using dual-wall systems with MLI at V=6 . 5 km/sec where pressure wall 
perforation does occur, equation (3) and the information in Table 3.8 yields 

0.712 - 0.301r? c < P Q < 1.398 + 0.150»? c (7) 

For a 75% confidence level with, in this case, n=13-l=12, Table 3.6 
tells us that 77^=0.695. Thus, the 75% modified confidence interval for a 
test series under these conditions extends from 0.503 to 1.502. In turn, 
this tells us that there is a 75% probability that the ratio between the 
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pressure wall hole diameters in two tests in which perforation had occurred 
will lie between 0.503 and 1.502. Similarly, for a test on dual-wall struc- 
ture with MLI and in which t s =0.050 in., equation (3) and the information in 
Table 3.9 yield the equation 

0.777 - 0 . 277r; c < P Q < 1.280 + 0.367»? c (8) 

For a 75% confidence interval with, in this case, n=-14'l=*13, Table 3.6 
tells us that 1 ]^= 0.694. This results in a 75% modified confidence interval 
that extends from 0.585 to 1.534. 

As can be seen from these examples, the extent of the modified confi- 
dence intervals for the pressure wall hole diameter and damage area data are 
significantly larger than that for the bumper plate hole diameter data for 
the same level of confidence. Possible explanations for this as well as a 
discussion of other observed trends in the uncertainty analysis data are 
presented in Section 3.5.4. 

3.5.3 Illustrative Examples -- Second Approach 

The data in Tables 3. 6 -3. 9 can also be used to calculate intervals 
within which it may supposed that the 'true' value of a response parameter 
lies, given a certain level of confidence. Alternatively, the specified 
confidence level is the probability that the supposed 'true' value of a 
response parameter is within the calculated interval. In either case, as 
before, it is assumed that there is no fixed or bias error present in the 
experimental readings . 

For the first example, consider Test No. ESSH-6A (see Section 3.8, 

Table 3.11) in which a 0.795 cm (0.313 in.) diameter projectile normally 
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impacted a dual-wall system at a speed of 6.55 km/sec. The recorded dia- 
meter of the hole in the bumper plate is 1.636 cm (0.644 in). We wish to 
know how representative of the actual or true bumper plate hole diameter is 
the recorded value for the given impact conditions. Using equation ( 5 ), we 
can determine an interval for a given level of confidence within which the 
true value of hole diameter for the given conditions is expected to be. 
Specifically, using the values of P p<1 ’ a p<1 and V p>1 >° p>1 in Table 3.7 for a 
0° impact, equation (5) becomes 


0.944 - 0.050r? c < P Q < 1.062 + 0.058^ (9) 

where is dependent on the specified level of confidence ' c' and the 

number of degrees of freedom n=N-l in the test group under consideration. 

In this case, N= 20 so that n=19 ; if we. specify a 75% confidence level, then 

from Table 3 . 6 we see that r) =0.688. Substituting r? =0.688 into equation 

c c 

(9) tells us that there is a 75% probability that, if fixed errors in data 
collection are ignored, the actual or true value of the bumper hole diameter 
lies between 0.906 and 1.102 times the recorded value, or between 1.481 and 
1.801 cm (0.583 and 0.709 in.). 

For this example , if we wish to increase our confidence in the interval 
within which the true value of hole diameter lies , then that interval must 
increase in size. Thus, for a 90% confidence level, Table 3.6 tells us that 
f? c “1.328. Substituting this value into equation (9) results in an interval 
that extends from 0.878 to 1.139 times the recorded value or between 1.435 
and 1.864 cm (0.565 and 0.734 in.). In this case, as for the previous 
confidence level considered, the extent of the interval about the recorded 
value is relatively small (only 10-12% on either side of the recorded 
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value) . This is due to the small deviations of the ratios of recorded hole 


diameters about a value of 1.0 as is evidenced by the proximity of the means 
Vi and V 1 to 1.0 and the small values of the standard deviations a ^ 


and a in Table 3.7. 
P> 1 


The same procedure can be used to determine modified confidence inter- 
vals for the pressure wall hole diameter data (in the event of a perfora- 
tion) and the pressure wall damage area data. For example, for a test on a 
dual-wall system with MLI at V=* 6 . 5 km/sec where pressure wall perforation 
occurs, equation (5) and the information in Table 3.8 yields 


0.712 - 0.301r? c < P Q < 1-398 + 0.150^ (10) 

For a 75% confidence level with, in this case, n-13-1-12, Table 3.6 tells us 
that 17 —0 . 695 . Thus, the true value of pressure wall hole diameter for a 
test in which perforation occurs would lie between 0.503 and 1.502 times a 
recorded value. Similarly, for a test on dual -wall structure with MLI and 
in which t s =0.050 in., equation (5) and the information in Table 3.9 yield 
the equation 

0.777 - 0.277r? < p < 1.280 + 0.367r? (11) 

CO c 

For a 75% confidence interval with, in this case, n=14-l=13, Table 3.6 tells 
us that rj c =0.694. This implies that the true value of pressure wall damage 
area would lie between 0.585 and 1.534 times the recorded value. 

3.5.4 Observations on the Data 

As can be seen by inspecting the value of the means and standard 
deviations in for the various test groups in Table 3. 7-3. 9, the level of 
uncertainty in the response data can vary significantly depending on the 
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response considered. Specifically, as stated previously, the means of the 
bumper plate diameter data are all fairly close to 1.0 and the standard 
deviations are all fairly small (Table 3.8). This implies that we can be 
fairly confident that the recorded values of bumper plate hole diametn:. are 
fairly consistent and may indeed be representative of the actual or true 
hole diameter values. However, this is not necessarily the case for the 
pressure wall hole diameter or pressure wall damage area values: there can 
be a significant amount of uncertainty in the pressure wall response data. 
This issue is discussed in detail in the following paragraphs. 

For pressure wall hole diameter in the event of a perforation (Table 
3.8), the means are larger and the standard deviations are smaller for 0° 
impacts than for 45° impacts. For pressure wall damage area (Table 3.9), 
they are similar for 0^ and 45^ impacts but in general smaller than those 
for 60°, 65°, and 75° impacts. Tests with lower impact velocities (ie. below 
approximately 5.5 km/sec) also exhibited less variability in pressure wall 
hole diameter data than did tests with impact velocities above 5.5 km/sec 
(Table 3.8); however, the variability in pressure wall damage area data was 
approximately the same for all impact velocities. In terms of bumper thick- 
ness, the variability in the pressure wall hole diameter and damage area 
data decreased (ie. larger means, smaller standard deviations) as bumper 
thickness increased. As a function of projectile diameter, the variability 
in the data was relatively the similar for the 0.635 and 0.795 cm (0.250 and 
0.313 in.) diameter projectiles, but smaller than that for those with a 
0.475 cm (0.187 in.) diameter. 

The observations in the previous paragraph can be explained by the 
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following considerations. First, at lower impact velocities and in normal 
impacts there are fewer competing processes at work during the impact event 
than at higher impact velocities (where fragmentation and melting occur 
simultaneously) and in oblique impacts (where two or three debris clouds are 
created instead of just one) . This would result in more consistent pressure 
wall response values such as hole diameter and damage area. Second, the 
larger projectiles were deformed less in their flights through the light gas 
gun than were the 0.475 cm (0.187 in.) diameter projectile. This in-flight 
projectile deformation for the smaller projectiles naturally affected the 
orientation of the smaller projectile at impact which significantly affected 
the consistency of system response in such cases. 

While the information presented in Tables 3. 7 -3. 9 has been used in this 
report to assess the uncertainty in the impact test data obtained thus far, 
it also can be used in another related manner. Specifically, the data in 
Tables 3. 7-3. 9 to provide insight into the sensitivity of dual-wall system 
response to minute differences in impact conditions, material composition, 
specimen thickness, etc. This use of the data is discussed in the following 
paragraphs . 

Consider a response paramter, such as bumper plate hole diameter, whose 
modified confidence interval is relatively small (e.g. +10%) at a relatively 
high confidence level (e.g. 90%). In this case, it can be said that the 
parameter is relatively insensitive to small changes such as those listed in 
the previous paragraph, and that the data for this parameter are expected to 
be consistent from one test to another, despite the fact that there may be 
small unavoidable differences present. This in turn implies that a rela- 
tively small number of tests will be required to characterize such a para- 
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meter under the test conditions of interest. 

Alternatively, consider a response parameter, such as pressure wall 
damage area, whose modified confidence interval is relatively large (e.g. 
+50%) even at relatively low confidence levels (e.g. 75%). In this case, it 
may be argued that the parameter is in fact highly sensitive to minute 
changes in test conditions. The data for this parameter are highly scat- 
tered and are not expected to be consistent from one test to another. 

However , this does not imply that there is necessarily anything wrong with 
the data. On the contrary, the results of the individual tests are appro- 
priate for the specific conditions of a specific test. For such a response 
parameter, small unavoidable variations from test to test will apparently 
result in differences in response which will in turn result in the unsightly 
scatter of the test data. The final implication is that a relatively large 
number of tests will be required to characterize such a response parameter 
under the test conditions of interest. 
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Table 3.6 Values of rj as a Function of Number-of-Degrees-of-Freedom (n) 
and Confidence Level (c) [3.2] 


s 



.90 

.95 

.975 

.99 

.995 

1 

.325 

1.000 

3.078 

6.314 

12.706 

31.821 

63.657 

2 

289 

.816 

1.886 

2.920 

4.303 

6.965 

9.925 

3 

.277 

.765 

1 .638 

2.353 

3.182 

4.541 

5 841 

4 

.271 

741 

1.533 

2.132 

2.776 

3.747 

4.604 

5 

.267 

.727 

1.476 

2.015 

2.571 

3.365 

4.032 

6 

.265 

.718 

1.440 

1 943 

2.447 

3.143 

3.707 

7 

.263 

.711 

1.415 

1.895 

2.365 

2.998 

3.499 

8 

262 

.706 

1.397 

1.860 

2.306 

2.896 

3.355 

9 

.261 

.703 

1.383 

1.833 

2.262 

2.821 

3.250 

10 

260 

.700 

1.372 

1.812 

2.228 

2.764 

3 169 

11 

.260 

.697 

1.363 

1.796 

2.201 

2.718 

3 106 

12 

.259 

.695 

1.356 

1.782 

2.179 

2.681 

3.055 

13 

.259 

.694 

1.350 

1.771 

2.160 

2 . 650 

3.012 

14 

.258 

692 

1.345 

1 761 

2.145 

2.624 

2.977 

15 

.258 

691 

1.341 

1.753 

2.131 

2.602 

2.947 

16 

.258 

.690 

1.337 

1,746 

2.120 

2.583 

2.921 

17 

.257 

.689 

1.333 

1.740 

2.110 

2.567 

2.898 

18 

.257 

.688 

1.330 

1.734 

2.101 

2.552 

2.878 

19 

.257 

.688 

1.328 

1 729 

2.093 

2.539 

2.861 

20 

.257 

.687 

1.325 

1.725 

j 

2.086 

2.528 

2.845 

21 

.257 

.686 

1.323 

1.721 

2.080 

2.518 

2.831 

22 

.256 

.686 

1.321 

1.717 

2.074 

2.508 

2.819 

23 

.256 

.685 

1.319 

1.714 

2.069 

2.500 

2.807 

24 

.256 

.685 

1.318 

1.711 

2.064 

2.492 

2.797 

25 

.256 

.684 

1.316 

1.708 

2.060 

2.485 

2.787 

26 

256 

.684 

1.315 

1.706 

2.056 

2.479 

2.779 

27 

.256 

.684 

1.314 

1.703 

2.052 

2.473 

2.771 

28 

.256 

683 

1 313 

1.701 

2.048 

2.467 

2 . 763 

29 

.256 

683 

1.311 

1.699 

2.045 

2 462 

2.756 

30 


.683 

1.310 

1.697 

2.042 

2.457 

2.750 

40 


681 

1 303 

1.684 

2 021 

2.423 

2.704 

KJ 

.254 

679 

1.296 

1.671 

2.000 

2.390 

2.660 

120 

.254 

.677 

1.289 

1.658 

1 .980 

2.358 

2.617 

«0 


.674 

1 282 

1 645 

1.960 

2.326 

2.576 


.9995 

636.619 

31.598 

12.924 

8.610 

6.869 

5.959 
5 408 
5.041 
4.781 
4 587 

4 437 
4 318 
4.221 
4.140 
4.073 

4.015 
3.965 
3 922 
3.883 
3.850 

3.819 

3.792 

3.767 

3.745 

3.725 

3.707 

3.690 

3.674 

3.659 

3.646 

3.551 

3.460 

3.373 

3.291 
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Table 3.7 Bumper Plate Hole Diameter Ratio Uncertainty Data 


9 

N 

Vl 

V 1 

M P>1 

V 1 

0° 

20 

0.944 

0.050 

1.062 

0.058 

45° 

18 

0.940 

0.953 

0.060 

0.036 

1.068 

1.051 

0.074 

0.040 

60° ,65° 

9 

0.937 

0.055 

1.070 

0.067 

75° 


0.937 

0.049 

1.070 

0.058 
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Table 3.8 Pressure Wall Hole Diameter Ratio Uncertainty Data 



MLI 

N 

Vi 

V 1 

Vl 

V 1 


As a 

Function 

of Impact Angle 0 (in degrees) 


0-0° 

0-45° 

Y 
N 

Y 
N 

11 

5 

7 

0.855 

0.723 

0.698 

0.117 

0.147 

0.250 

1.152 

1.439 

1.616 

0.185 

0.343 

0.613 

As a Function o 

f Bumper Thickness t 

(in inches) 

t -0.050 

Y 

4 

0.601 

0.272 

1.887 

0.675 


N 

— 

— 

— 

— 

— 

t -0.080 

Y 

3 

0.827 

0.181 

1.253 

0.305 


N 

— 

— 

— 

— 

— 


As a 

Function 

of Impact Velocity V 

(in km/sec) 

3<V<5 . 5 

Y 

5 

0.854 

mm 


0.150 


N 

2 

0.822 

)&■ 

1.218 

0.056 

5 . 5<V<8 

Y 

13 

0.712 


1.398 

0.150 


N 

3 

0.656 

wm 

1.586 

0.391 

As 

a Function of 

Proj ectile 

Diameter 

D (in inches) 

D-0.250 

Y 

8 

0.735 

0.235 

1.522 

0.592 


N 

2 

0.837 

0.017 

1.195 

0.024 

D-0.313 

Y 

8 

0.646 

0.146 

1.169 

0.221 


N 

3 

0.876 

0.123 

1.601 

0.369 
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Table 3.9 Pressure Wall Damage Area Ratio Uncertainty Data 



MLI 

N 

Vl 

V i 


M p> 1 

V i 

As a 

Function 

of Impact Angle 8 

(in degrees) 


0 

0 

1 

Y 

21 

0.746 

0.223 


1.510 

0.610 


N 

8 

0.735 

0.172 


1.448 

0.442 

0=45° 

Y 

N 

18 

0.864 

0.092 


1.170 

0.135 

0-60° , 

Y 

8 

0.571 

0.181 


1.953 

0.762 

65° ,75° 

N 

— 

— 

— 


— 

— 

As 

a Function o 

f Bumper 

Thickness 

t 

s 

(in inches) 

t -0.040 

Y 

6 

0.610 

0.240 


1.864 

0.699 

s 

N 

— 

— 

— 


— 

— 

t -0.050 

Y 

14 

0.777 

0.277 


1.280 

0.367 

S 

N 

— 

— 

— 


— 

— 

t -0.063 

Y 

16 

0.784 

0.192 


1.388 

0.570 

s 

N 

8 

0.689 

0.166 


1.534 

0.399 

t -0.080 

Y 

10 

0.739 

0.166 


1.452 

0.517 

S 

N 

— 

— 

— 


— 

— 

As a 

Function 

of Impact Velocity V 

(in km/sec) 

3<V<5 . 5 

Y 

12 

0.776 

0.226 


1.448 

0.612 


N 

4 

0.568 

0.451 


1.456 

0.649 

5 . 5<V<8 

Y 

34 

0.763 

0.185 


1.442 

0.490 


N 

6 

0.677 

0.114 


1.518 

0.299 

As 

a Function of Projectile Diameter 

D (in inches) 

D-0.187 

Y 

... 







N 

3 

0.520 

0.345 


2.552 

1.519 

D-0.250 

Y 

25 

0.803 

0.181 


1.338 

0.432 


N 

4 

0.664 

0.147 


1.577 

0.423 

D-0.313 

Y 

18 

0.725 

0.194 


1.514 

0.555 


N 

4 

0.714 

0.202 


1.489 

0.430 
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3 . 6 Concluding Comments 


By examining Tables 3. 1-3. 5 and 3. 7 -3. 9, it is possible to see where 
additional testing is needed to supplement data already in existence. Addi- 
tional data will allow the calculation of repeatability indices for test 
groups for which at present it is not possible. Specifically for dual-wall 
systems with a 10.16 cm stand-off distance without HLI, test results are 
needed at impact angles above 30°, with small and large projectiles, at 
impact velocities other than between 6 and 7 km/sec, and with bumper thick- 
nesses other than 1.6 mm. For similar systems with MLI, additional testing 
is needed at impact angles above 60° , with small projectile diameters, and 
also at speeds other than between 6 and 7 km/sec. 

It should be noted that the variations in perforation and rear-side 
spallation indicated in the various Tables in Section 3.8 are probably not 
due to an inability to properly control the experimental parameters of the 
tests performed. Geometric parameters (thicknesses and wall-to-wall spac- 
ing) , material properties (density, modulus, etc.) and impact conditions 
(diameter, angle, and velocity) can all be controlled to within acceptable 
tolerances. Rather, the variations observed are probably due to an factor 
that to date has not be measured, accounted for, or controlled. Such fac- 
tors include manufacturing defects, metallurgical inconsistencies, and loca- 
tion of the initial impact on the bumper plate, to name a few. Increased 
attention must be paid to these and other here-to-fore unconsiderd factors 
if it is desired to increase the repeatability of the phenomena observed 
through hypervelocity impact testing using the NASA/MS FC light gas gun. 

Finally, it is worthy of note that the observations made in the uncer- 
tainty analysis phase of this investigation reinforce those made during the 
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repeatability phase of the study. Since both phases of the study utilized 
the same pool of data, this is hardly surprising. Specifically, both phases 
of this study conclude that repeatability increases (or, conversely, varia- 
bility decreases) as the impact angle decreases, the projectile diameter in- 
creases , and as the bumper thickness increases . 

For impact velocity, the repeatability analysis show that repeatability 
was relatively similarly high for speeds below 4 to 5 km/sec and above 6 
km/sec and relatively low for impact speeds between 5 and 6 km/sec. The 
uncertainty analysis showed lower variability in response for tests with 
impact velocities below approximately 5.5 km/sec than for tests with veloci- 
ties greater than 5.5 km/sec. While in not as great detail as are the 
results of the repeatability analysis for impact velocity, the results of 
the uncertainty analysis at least support those of the repeatability analy- 
sis in the lower impact velocity regime. The apparent contradiction at the 
higher impact velocities is probably due to the fact that all tests with 
velocities above 5.5 km/sec were included in one test group in the uncer- 
tainty analysis and not broken down into two groups as in the repeatability 
study. 
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3.8 Uncertainty Analysis Data Tables 
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IMPACT 

PROJECTILE 

TEST 

IMPACT 

SHIELD 

STAND-OFF 

MLI 

BUMPER HOLE 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

ANGLE 

DIAMETER 

NUMBER 

VELOCITY 

THICKNESS 

DISTANCE 

LOCATION 

DIAMETER 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

(DEG) 

(IN) 


(KM/SEC) 

(IN) 

(IN) 


(IN) 

(IN) 


(SQ.IN.) 

(IN) 

(SQ.IN.) 

0.000 

0.250 

3224B 

5.260 

0.063 

12.000 

PWP 

0.521 

... 

... 

41.280 

... 

... 



3224A 

5.150 

0.063 

12.000 

PUP 

0.486 

0.115 

1 

47.170 


0.010 

0.000 

0.313 

3220A 

5.960 

0.032 

12.000 

PWP 

0.474 

0.073 

2 

30.680 

... 

... 



3223A 

5.850 

0.032 

12.000 

PWP 

0.595 

— 

— 

45.720 

- - ' 

0.090 

0.000 

0.375 

3225 

5.940 

0.032 

12.000 

PWP 

0.493 

7.790 

1 

88.750 

4.000 

... 



3225A 

5.910 

0.032 

12.000 

PWP 

0.483 

6.630 

1 

34.520 

2.300 

* 

0.000 

0.375 

3226B 

5.550 

0.063 

12.000 

PWP 

0.638 

0.624 

5 

35.790 

... 

... 



3226A 

5.620 

0.063 

12.000 

PWP 

0.618 

0.187 

3 

88.580 

— 

0.090 

45.000 

0.313 

3133C 

6.910 

0.063 

12.000 

PWP 

0.641/0.830 

— /0.422 

— /3 

16.76/11.05 

.../... 

.../... 



3133D 

6.780 

0.063 

12.000 

PWP 

0.642/0.818 

— /0.518 

— /3 

8.30/38.49 

....... 


0.000 

0.187 

P14 

3.720 

0.063 

6.000 

— 

0.391 

0.459 

3 

7.350 

... 

... 



P14B 

3.710 

0.063 

6.000 

— 

0.417 

— 

— 

20.910 


0.050 

0.000 

0.187 

2001 A 

3.770 

0.063 

6.000 

— 

0.353 

0.273 

2 

23.760 

... 

... 



2001 B 

3.930 

0.063 

6.000 

— 

0.350 

0.204 

2 

41.280 

* * • 

0.040 

0.000 

0.187 

2001 A 

3.770 

0.063 

6.000 

— 

0.353 

0.273 

2 

23.760 

... 

... 



2001 C 

4.050 

0.063 

6.000 

— 

0.377 

— 

— 

30.680 

— 

0.010 

0.000 

0.187 

200 IB 

3.930 

0.063 

6.000 

— 

0.350 

0.204 

2 

41.280 

... 

0.040 



2001 C 

4.050 

0.063 

6.000 

— 

0.377 

— 

— 

30.680 

— 

0.010 

0.000 

0.187 

P24C 

5.800 

0.063 

6.000 

— 

0.560 

0.190 

3 

22.370 

... 

0.480 



P24F 

5.880 

0.063 

6.000 

— 

0.530 

0.190 

3 

25.800 

— 

0.340 

0.000 

0.250 

2003A 

7.000 

0.063 

6.000 

— 

0.542 

0.209 

5 

78.540 

... 

0.240 



2003B 

7.100 

0.063 

6.000 

— 

0.522 

0.296 

4 

70.880 


- • « 

0.000 

0.300 

P16C 

6.630 

0.063 

6.000 

— 

0.600 

0.695 

1 

20.620 

... 

2.030 



P16E 

6.780 

0.063 

6.000 

... 

0.620 

0.920 

1 

28.270 

— 

1.960 


Table 3.10 Dual-Wall Structures With and Without MLI, S>4 inches 










< 


■ NORMAL 


> 

< 


• OBLIQUE 


> 

IMPACT 

PROJECTILE 

TEST 

IMPACT 

SHIELD 

MIN BUMPER 

MAX BUMPER 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

ANGLE 

DIAMETER 

NUMBER 

VELOCITY 

THICKNESS 

HOLE DIA. 

HOLE DIA. 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

(DEG) 

(IN) 


(KM/SEC) 

(IN) 

(IN) 

(IN) 

(IN) 


(SQ.IN.) 

(IN) 

(SQ.IN.) 

(IN) 


(SQ.IN.) 

(IN) 

(SQ.IN.) 

0.000 

0.187 

101A 

3.700 

0.080 

0.370 

0.370 

0.171 

2 

3.970 

--- 

... 

... 

... 

... 

... 

... 



109B 

3.610 

0.080 

0.400 

0.400 


— 

9.620 

— 

... 

— 

— 

— 

— 

— 

0.000 

0.187 

101B 

4.260 

0.080 

0.560 

0.560 

... 

— 

12.560 

... 

... 

... 

... 

... 

... 

... 



109A 

4.060 

0.080 

0.429 

0.429 

— 


13.850 

— 

— 

... 

— 


- - _ 

.... 

0.000 

0.250 

P03 

4.900 

0.063 

0.491 

0.491 

0.358 

1 

12.560 

... 

o.sSo 

... 

... 

... 

... 




P04 

4.950 

0.063 

0.491 

0.491 

0.304 

1 

10.010 

— 

0.310 

— 

— 


" 


0.000 

0.250 

P05 

6.900 

0.063 

0.560 

0.560 

0.185 

1 

14.190 

... 

0.030 

... 

... 

... 

--- 

... 



P06A 

6.950 

0.063 

0.572 

0.572 


— 

19.640 

— 

0.720 

— 





0.000 

0.313 

PT8A 

4.350 

0.063 

0.490 

0.490 

1.850 

1 

12.620 

... 

0.960 

... 

... 

... 

... 




PT8B 

4.370 

0.063 

0.500 

0.500 

1.470 

2 

13.210 

— 

0.220 

... 





0.000 

0.313 

EH3A 

6.640 

0.063 

0.611 

0.611 

1.960 

2 

31.960 

... 

1.110 

... 

... 

... 

... 

... 



EHSS6C 

6.690 

0.063 

0.622 

0.622 

1.260 

1 

19.630 

— 

0.840 

— 

— 

— 

— 

... 

0.000 

0.313 

EHSS6B 

6.630 

0.063 

0.578 

0.578 

2.230 

7 

16.800 

... 

0.050 

... 

--- 

... 

... 




EHSS6A 

6.550 

0.063 

0.644 

0.644 

1.120 

1 

13.360 

— 

1.020 

— 

— 

— 

— 

... 

30.000 

0.250 

EHSS3C 

6.810 

0.063 

0.491 

0.542 

0.790 

1 

10.320 

... 

... 

... 

... 

... 

... 

... 



135D 

6.850 

0.063 

0.521 

0.561 

0.957 

1 

15.210 

... 

... 

— 

— 

— 



45.000 

0.250 

EHSS4A 

6.780 

0.063 

0.573 

0.747 

— 

--- 

2.410 

... 


0.330 

2 

1.480 

... 

... 



EHSS4B 

6.970 

0.063 

0.563 

0.697 

0.155 

1 

3.140 

... 

... 

0.510 

4 

5.410 

— 

... 

45.000 

0.313 

EHRP3 

6.830 

0.063 

0.625 

0.781 

— 

--- 

6.490 

... 

... 

1.010 

3 

7.070 

... 

... 



EHSS7A 

6.630 

0.063 

0.656 

0.822 

... 

— 

3.140 

— 

... 

0.900 

4 

3.550 

— 

... 

65.000 

0.187 

EHRP9 

7.320 

0.063 

0.472 

0.669 

--- 

... 

15.710 

... 

... 

... 

... 

... 

... 

... 



1S6A 

7.120 

0.063 

0.537 

0.680 

... 

... 

3.800 

... 

... 

... 

— 

— 

— 

— 


Table 3.11 Dual -Wall Structures, Without MLI, Normal and Oblique 
Impact, S=4 inches 



IMPACT 

PROJECTILE 

TEST 

IMPACT 

SHIELD 

MLI 

BUMPER HOLE 

PRESSURE UALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

ANGLE 

DIAMETER 

NUMBER 

VELOCITY 

THICKNESS 

LOCATION 

DIAMETER 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

(DEG) 

(IN) 


(KM/SEC) 

(IN) 


(IN) 

(IN) 


(SQ.IN.) 

(IN) 

(SQ.IN.) 

0.000 

0.187 

3010C 

7.320 

0.040 

PUP 

0.439 

0.068 

1 

1.770 

— 

— 



3202 

7.200 

0.040 

PUP 

0.424 

— 

— 

4.910 

— 

— 

0.000 

0.250 

34 05 A 

3.030 

0.063 

HU 

0.407 

0.335 

1 

5.390 

— 

— 



3406A 

3.060 

0.063 

HU 

0.420 

0.231 

1 

4.910 

— 

— 

0.000 

0.250 

3405B 

3.830 

0.063 

HU 

0.460 

— 

1 

8.920 

— 

— 



3406B 

4.050 

0.063 

HU 

0.456 

— 

1 

8.300 

— 

— 

0.000 

0.250 

3405C 

5.100 

0.063 

HU 

0.494 

— 

1 

9.620 

— 

— 



3406C 

5.160 

0.063 

HU 

0.459 

— 

... 

10.290 

— 

— 

0.000 

0.250 

3405D 

6.200 

0.063 

HU 

0.516 

— 

— 

8.970 

— 

— 



340601 

6.290 

0.063 

HU 

0.485 

0.265 

2 

8.310 

— 

— 

0.000 

0.250 

3206 

6.800 

0.040 

PUP 

0.447 

0.236 

4 

3.140 

— 

— 



3205 

6.750 

0.040 

PUP 

0.489 

— 

— 

7.650 

— 

— 

0.000 

0.250 

3206 

6.800 

0.040 

PUP 

0.447 

0.236 

4 

3.140 

— 

— 



3010-1B 

6.760 

0.040 

PUP 

0.442 

0.250 

1 

3.560 

— 

— 

0.000 

0.250 

3010-1B 

6.760 

0.040 

PUP 

0.442 

0.250 

1 

3.560 

— 

— 



3205 

6.750 

0.040 

PUP 

0.489 

— 

— 

7.650 

— 

— 

0.000 

0.250 

P07 

2.930 

0.063 

HU 

0.420 

0.360 

1 

2.240 

— 

— 



P08 

2.960 

0.063 

HU 

0.430 

0.390 

1 

3.140 

— 

0.330 

0.000 

0.250 

3406A 

3.060 

0.063 

PUP 

0.420 

0.231 

1 

4.910 

— 

— 



3405A 

3.060 

0.063 

PUP 

0.407 

0.261 

1 

5.390 


— 

0.000 

0.250 

P12C 

4.330 

0.063 

PUP 

0.470 

— 

— 

3.300 

— 

— 



T2-4 

4.320 

0.063 

PUP 

0.438 

0.528 

5 

7.670 

... 

0.560 


Table 3.12 Dual-Wall Structures, With MLI, Normal Impact, S-4 inches 



IMPACT.. 

PROJECTILE 

TEST 

IMPACT 

SHIELD 

ML I 

BUMPER HOLE 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

ANGLE 

DIAMETER . 

NUMBER 

VELOCITY 

THICKNESS 

LOCATION 

DIAMETER 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

(DEG) 

(IN) 


(KM/SEC) 

(IN) 


(IN) 

(IN) 


(SQ.IN.) 

(IN) 

(SQ.IN.) 

0.000 

0.313 

T2-7 

3.260 

0.063 

PWP 

0.488 

0.564 

1 

7.670 



- -- 



T2-7A 

3.260 

0.063 

PUP 

0.547 

0.632 

1 

7.670 

1.500 

... 

0.000 

0.313 

EH2B 

6.670 

0.063 

PWP 

0.751 





4.910 

... 




EH2C 

6.640 

0.063 

PWP 

0.631 

0.410 

1 

2.760 

4.500 

... 

0.000 

0.313 

EH2B 

6.670 

0.063 

PWP 

0.751 





4.910 

... 

... 



EH2D 

6.660 

0.063 

PWP 

0.635 

1.516 

1 

7.740 

4.400 

... 

0.000 

0.313 

EH2C 

6.640 

0.063 

PWP 

0.631 

0.410 

1 

2.760 

4.500 

- - - . 



EH2D 

6.660 

0.063 

PWP 

0.635 

1.516 

1 

7.740 

4.400 

... 

0.000 

0.313 

3401 C 

6.120 

0.063 

HW 

0.620 

2.430 

1 

8.970 

1.600 

... 



3402C 

6.170 

0.063 

HW 

0.610 

2.550 

1 

7.070 

1.700 

... 

0.000 

0.313 

3401A 

7.220 

0.063 

HW 

0.686 

2.960 

1 

11.040 

1.500 

... 



340 IB 

7.090 

0.063 

HW 

0.653 

2.810 

1 

9.620 

2.000 

... 

0.000 

0.313 

3402A 

7.180 

0.063 

HW 

0.673 

2.600 

1 

9.620 

1.250 

... 



3402B 

7.100 

0.063 

HW 

0.674 

2.240 

1 

8.290 

1.250 

... 

0.000 

0.313 

3403A 

7.150 

0.063 

BB 

0.636 

0.806 

1 

16.760 


0.670 



3403B 

7.100 

0.063 

BB 

0.639 

0.731 

1 

18.700 

... 

0.640 

0.000 

0.375 

3404A 

6.850 

0.063 

HW 

0.654 

8.000 

1 

50.270 

4.500 




3404B 

6.850 

0.063 

HW 

0.654 

5.750 

1 

25.970 

3.250 

... 

0.000 

0.375 

3227D 

6.900 

0.063 

RB 

0.674 

2.383 

2 

11.050 

_ _ _ 

... 



MLI-B2 

6.880 

0.063 

RB 

0.738 

3.740 

1 

13.400 

1.630 
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OBLIQUE 


• > 

IMPACT 

ANGLE 

(DEG) 

PROJECTILE 

DIAMETER 

(IN) 

TEST 

NUMBER 

IMPACT 

VELOCITY 

(KM/SEC) 

SHIELD 

THICKNESS 

(IN) 

HLI 

LOCATION 

MIN BUMPER 
HOLE DIA. 
(IN) 

MAX BUMPER 
HOLE DIA. 
(IN) 

PRESSURE UALL 
HOLE DIAMETER 
(IN) 

NUMBER OF 
HOLES 

NORMAL - 
DAMAGE 
AREA 
(SO. IN.) 

MAXIMUM 
PETAL LENGTH 
(IN) 

SPALL 

AREA 

(SQ.IN.) 

PRESSURE UALL 
HOLE DIAMETER 
(IN) 

NUMBER OF 
HOLES 

DAMAGE 
AREA 
(SQ.IN. ) 

MAXIMUM 
PETAL LENGTH 
(IN) 

SPALL 

AREA 

(SQ.IN.) 

45.000 

0.187 

4109C 

3303A 

6.530 

6.410 

0.080 

0.080 

BS 

BB 

0.482 

0.472 

0.550 

0.550 

--- 

... 

5.940 

4.910 

— 

... 

... 

... 

1.770 

1.910 

... 

... 

45.000 

0.250 

9001A 
9001 B 

5.970 

5.920 

0.050 

0.050 

BB 

BB 

, 0.593 

0.464 

0.636 

0.625 

... 

... 

8.280 

7.690 

... 

... 

0.195 

0.474 

2 

2 

2.090 

3.560 

... 

0.016 

45.000 

0.250 

9001 A 
9001C 

5.970 

5.940 

0.050 

0.050 

BB 

BB 

0.593 

0.506 

0.636 

0.661 

... 

... 

8.280 

8.920 

... 

... 

0.195 

2 

2.090 

1.230 

... 

... 

45.000 

0.250 

900 IB 
900 1C 

5.920 

5.940 

0.050 

0.050 

BB 

BB 

0.464 

0.506 

0.625 

0.661 

... 

... 

7.690 

8.920 

... 

... 

0.474 

2 

3.560 

1.230 

... 

0.016 

45.000 

0.250 

9001A 
900 ID 

5.970 

6.110 

0.050 

0.050 

BB 

BB 

0.593 

0.460 

0.636 

0.661 

— 

... 

8.280 

7.070 

... 

... 

0.195 

0.197 

2 

2 

2.090 

3.560 

... 


45.000 

0.250 

9001B 

9001D 

5.920 

6.110 

0.050 

0.050 

BB 

BB 

0.464 

0.460 

0.625 

0.661 

--- 

--- 

7.690 

7.070 

... 

... 

0.474 

0.197 

2 

2 

3.560 

3.560 

... 

0.016 

45.000 

0.250 

900 1C 
900 ID 

5.940 

6.110 

0.050 

0.050 

BB 

BB 

0.506 

0.460 

0.661 

0.661 

— 

... 

8.920 

7.070 

... 

... 

0.197 

2 

1.230 

3.560 

... 


45.000 

0.250 

9002A 

90028 

6.390 

6.400 

0.050 

0.050 

BB 

BB 

0.489 

0.502 

0.624 

0.585 

... 

... 

4.910 

8.300 


— 

0.433 

2 

3.560 

3.140 

... 


45.000 

0.250 

9002A 

9002C 

6.390 

6.350 

0.050 

0.050 

BB 

BB 

0.489 

0.514 

0.624 

0.586 

... 

... 

4.910 

9.620 

... 

... 

0.433 

2 

3.560 

2.780 



45.000 

0.250 

9002A 

9002D 

6.390 

6.370 

0.050 

0.050 

BB 

BB 

0.489 

0.510 

0.624 

0.624 

... 

... 

4.910 

7.070 

... 

... 

0.433 

2 

3.560 

3.530 

... 

... 

45.000 

0.250 

9002B 

9002C 

6.400 

6.350 

0.050 

0.050 

BB 

BB 

0.502 

0.514 

0.585 

0.586 

... 

... 

8.300 

9.620 

... 

... 

1 — 

... 

3.140 

2.780 

... 

... 

45.000 

0.250 

9002B 

9002D 

6.400 

6.370 

0.050 

0.050 

BB 

BB 

0.502 

0.510 

0.585 

0.624 

... 

... 

8.300 

7.070 

... 

... 

... 

... 

3.140 

3.530 

... 

... 

45.000 

0.250 

9002C 

9002D 

6.350 

6.370 

0.050 

0.050 

BB 

BB 

0.514 

0.510 

0.586 

0.624 

... 

... 

9.620 

7.070 

... 

... 

... 

... 

2.780 

3.530 

... 


45.000 

0.250 

4101C 

9001D 

6.140 

6.110 

0.050 

0.050 

BB 

BB 

0.536 

0.460 

0.649 

0.639 

... 

... 

4.410 

7.070 

... 

... 

0.731 

0.197 

3 

1 

1.470 

5.390 

... 



Table 3.13 Dual-Wall Str 


;es 


With MLI , Oblique Impact, S-4 inches 











< 


NORMAL 


> 

< 


OBLIQUE 


> 

IMPACT 

PROJECTILE 

TEST 

IMPACT 

SHIELD 

MLI 

HIN BUMPER 

MAX BUMPER 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

PRESSURE WALL 

NUMBER OF 

DAMAGE 

MAXIMUM 

SPALL 

ANGLE 

DIAMETER 

NUMBER 

VELOCITY 

THICKNESS 

LOCATION 

HOLE DIA. 

HOLE DIA. 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

HOLE DIAMETER 

HOLES 

AREA 

PETAL LENGTH 

AREA 

(DEG) 

(IN) 


(KM/SEC) 

(IN) 


(IN) 

(IN) 

(IN) 


(SO. IN.) 

(IN) 

(SQ. IN.) 

(IN) 


(SQ. IN. ) 

(IN) 

(SQ. IN. ) 

45.000 

0.250 

3304A 

6.200 

0.080 

BB 

0.592 

0.700 

--- 

... 

3.970 

— 

— 

0.050 

1 

3.140 






3304B 

6.280 

0.080 

8B 

0.674 

0.790 

... 

... 

4.910 


... 

0.080 

I 

4.910 

... 

... . 

45.000 

0.250 

3304C 

6.840 

0.080 

BB 

0.684 

0.761 

--- 

... 

4.910 

* 

... 

0.598 

3 

5.940 

... 




3304D 

6.910 

0.080 

BB 

0.687 

0.783 

--- 

... 

3.140 

... 

... 

0.063 

1 

4.910 

... 

... 

45.000 

0.313 

4102-C1 

6.050 

0.050 

BB 

0.585 

0.782 

— 

— 

8.300 

— 

... 

0.566 

2 

4.910 

... 




4102-C2 

6.020 

0.050 

BB 

0.578 

0.765 

... 

... 

8.920 

... 

... 

0.964 

7 

7.070 

... 


45.000 

0.313 

4001A 

3.150 

0.080 

BB 

0.535 

0.704 

... 

— 

3.560 

... 

0.250 

0.445 

1 

3.560 






4003C 

3.180 

0.080 

BB 

0.511 

0.674 

... 

... 

3.980 

... 

... 

0.504 

1 

2.410 

... 

... 

45.000 

0.313 

4001C 

6.120 

0.080 

BB 

0.655 

0.851 

— 

— 

3.140 

— 

... 

0.523 

1 

4.910 






40030 

6.220 

0.080 

BB 

0.617 

0.887 

... 

... 

3.140 

... 

... 

0.510 

2 

6.470 

... 

... 

60.000 

0.313 

4105A 

2.920 

0.050 

BB 

0.500 

0.831 

... 

... 

5.940 


... 

0.385 

1 

2.410 

— 




4105A-1 

2.980 

0.050 

BB 

0.502 

0.887 

... 

... 

11.840 

... 

... 

... 

... 

5.390 

... 

... 

65.000 

0.250 

301 7C 

4.700 

0.040 

PUP 

0.456 

0.808 

... 

... 

15.070 

— 







4.450 

-- - 




3029-1 

4.610 

0.040 

PUP 

0.440 

0.873 

... 

... 

9.620 

... 

... 

... 


11.760 

... 


65.000 

0.313 

3216 

6.310 

0.040 

BB 

0.568 

1.101 

— 

— 

5.430 









3.980 





3218 

6.490 

0.040 

BB 

0.550 

1.057 

... 

... 

3.530 

--- 

... 

... 

... 

2.410 

... 


75.000 

0.313 

4002A 

3.200 

0.080 

BB 

0.460 

1.041 





5.940 

... 







... 

... 




4117A 

3.110 

0.080 

BB 

0.441 

0.909 

... 

... 

2.090 

... 

... 

... 

... 

... 

--- 

--- 

75.000 

0.313 

4002A 

3.200 

0.080 

BB 

0.460 

1.041 

... 

... 

5.940 









... 

... 




4004A 

3.190 

0.080 

BB 

0.427 

1.042 

... 

... 

7.070 

... 

... 

... 

... 

... 


-- - 

75.000 

0.313 

4117A 

3.110 

0.080 

BB 

0.441 

0.909 

... 

— 

2.090 







... 

... 

... 




4004A 

3.190 

0.080 

BB 

0.427 

1.042 

... 

... 

7.070 

... 

... 

. — 

... 

— 

— 


75.000 

0.313 

4002C 

6.300 

0.080 

BB 

0.533 

1.349 

0.162 

1 

4.910 



... 



... 

... 

... 

... 



4002E 

6.410 

0.080 

BB 

0.561 

1.191 

... 

... 

8.300 

... 

... 

... 

... 

— 

... 

... 

75.000 

0.313 

4004B 

6.080 

0.080 

BB 

0.673 

1.366 

0.105 

1 

7.690 









— 

--- 

... 



4004C 

6.190 

0.080 

BB 

0.522 

1.315 

... 


5.390 

... 

... 

... 

... 

... 

... 

... 


i 

I 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 
4 . 1 Summary and Conclusions 

Phenomena repeatability and data uncertainty analyses were performed 
using the NASA/MSFC Phase B and Phase C/D hypervelocity impact test data was 
performed. The information used consisted of the 540 Phase B tests in the 
Hypervelocity Impact Damage Database developed under a previous effort and a 
supplemental database of 410 Phase C/D tests. The analyses -sought to quan- 
tify the repeatability of the phenomena ocurring in dual-wall structures 
under hypervelocity impact based on the testing performed at the NASA/MSFC 
light gas gun during the time period 1985-1991 and to determine the uncer- 
tainty of the measurements taken from damaged test specimens . 

The results of the phenomena repeatability analysis show that if 3 
identical dual-wall structures were to be tested using the NASA/MSFC light 
gas gun under similar impact conditions, then it is entirely likely that 
either the pressure walls in 2 of these 3 tests will be perforated and 1 
will not or the pressure walls in 2 of these tests will not be perforated 
and 1 will. The results obtained also show that the repeatability of rear- 
side spallation (or the lack thereof) in such dual-wall structures is con- 
siderably higher: of 10 tests performed, it is highly likely that 9 of them 
will all either show some sort of rear-side spallation and 1 will not or 9 
of them will all either not be spalled and 1 of them will. The results of 
the uncertainty analysis show that the level of uncertainty in the response 
data can vary significantly depending on the response considered. However, 
the observations made in the uncertainty analysis in general reinforce those 
made during the repeatability analysis. 
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4 . 2 Recommendations 


An extensive program of spacecraft materials testing and evaluation 
under hypervelocity projectile impact has been underway at NASA/MSFC since 
its inception over almost three decades ago. While an extensive test data- 
base has been established, it is evident that further testing is still 
required to fully understand the phenomena associated with hypervei : city 
impact and for a more comprehensive hypervelocity impact test data; ;e. 
Additional data will also allow the calculation of Repeatability Indices for 
test groups for which at present it is not possible. The following recom- 
mendations are made for a future high speed impact test program to address 
current needs . 

1) Perform additional testing at higher impact velocities . While an 
impact velocity of 7 km/sec is near the upper limit of the velocities 
attainable by the light gas gun, it is clear that more testing must be 
performed at these high velocities in order to be able to even come close to 
duplicating the anticipated on-orbit impact velocities. 

2) Perform additional testing using larger projectiles. Although im- 
pacts by smaller pieces of orbital debris are more probable than impacts by 
excessively large pieces, the effects of large particle impact must be fully 
understood in order to decide whether or not such impacts can be withstood 
by existing or newly-developed protective measures. 

3) Perform additional testing at higher impact obliquities. With the 
increasing concern for the pollution of the orbital environment by the 
secondary ricochet debris particles that are formed in an oblique hypervelo- 
city impact, additional oblique impact testing is necessary, especially in 
the high obliquity regime (ie. obliquities greater than 60°) to fully under- 
stand the damage potential of these secondary debris particles. 
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4) Perform additional testing of alternate bumper plate materials and 
alternate wall configurations. With the recent development of many new 
high-strength materials, it is imperative that additional testing be per- 
formed with bumper plates made from materials other than aluminum. Addi- 
tionally, alternative configurations, such as double or triple bumpers at 
stand-off distances other than 10 cm, should be test with bumper plates made 
from these new materials . 

5) Perform additional tests using non- spherical projectiles. While 
this has been done mainly for reasons of consistency and repeatability, it 
is clear that orbital debris particles are not round, but are rather jagged 
with varying length- to-diameter ratios. Additional testing must be performed 
using non- spherical projectiles in order to be able to extrapolate the 
response of a structure under spherical projectile impact to a structure 
that is impacted by a non- spherical projectile. 

6) Perform additional tests with different density projectiles. It has 
become evident that the original constant density approximation for orbital 
debris particles is inaccurate, especially for particles larger than 0.6 cm 
in diameter. While the testing to date has produced results that are cer- 
tainly applicable to small particle impacts, whether or not they can be 
extended to large particle impact remains to be seen. 

7) Perform tests to determine the effects of pressure wall curvature on 
module wall response. All the tests to date have been performed using flat 
bumper and pressure wall plates . Does the curvature of the module have an 
effect on the perforation resistance of a dual-wall structure? Additional 
testing must be performed with curved inner and outer walls to adequately 
address this issue. 
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APPENDIX I 


-- PHASE C/D TESTING PARAMETER DATABASE 
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BUMPER 

BUMPER 

BUMPER 

MU 

BACK WALL 

BACK WALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 




(IN) 

(IN) 



(IN) 


(IN) 

(DEG) 

(KM/S) 

960 

2001 -A 

6061 -T6 

0.063 

6 

NO 

2219- T87 

0.125 

AL-1100 

0.187 

0 

3.77 

962 

2001 -B 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.187 

0 

3.93 

961 

2001 -C 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.187 

0 

4.05 

929 

2002-A 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.08 

930 

2002 -B 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.50 

940 

2002-C 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.75 

949 

2003-A 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

7.00 

944 

2003 -B 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

7.10 

945 

2003-C 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

7.28 

959 

2003-A1 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.98 

956 

2003-B1 

6061 -T6 

0.063 

6 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.58 

941 

2004-A 

6061 -T6 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

7.20 

939 

2004 -B 

6061 -T6 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.92 

931 

2004 -C 

6061 -T6 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.95 


P2000SER.WK1 



BUMPER 

BUMPER 

BUMPER 

ML I 

BACKUALL 

BACKUALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

SHOT NO. TEST NO. MATERIAL 

THICKNESS 

(IN) 

STANDOFF 

(IN) 

(Y/N) 

MATERIAL 

THICKNESS 

(IN) 

MATERIAL 

DIAMETER 

ANGLE 

(DEG) 

VELOCITY 

(KM/S) 


965 

3001 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

6.63 

798 

3001 -A 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.187 

0 

3.90 

799 

3001-B 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

5.76 

800 

3001 -C 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.187 

0 

6.22 

801 

3001 -D 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.187 

0 

7.19 

802 

3001 -E 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

6.76 

803 

3002-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.99 

804 

3002 -B 

6061 -T6 

0.032 

4 

YES 

2219-T8 7 

0.125 

AL-1100 

0.250 

0 

7.33 

806 

3002 -C 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.250 

0 

7.52 

963 

3003 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.10 

964 

3004 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

45 

7.70 

807 

3004-A 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.187 

45 

6.81 

810 

3004-B 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.57 

808 

3005-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

45 

7.35 

811 

3005 -B 

6061 -T6 

0.032 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.250 

45 

7.60 

812 

3006-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

45 

7.01 

818 

3007-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

6.53 

819 

3007-B 

6061 -T6 

0.032 

4 

YES 

2219-T8 7 

0.125 

AL-1100 

0.187 

65 

4.78 

820 

3007- C 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

3.35 

821 

3008-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

65 

4.61 

822 

3008-B 

6061-T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.25 

65 

4.25 

823 

3009-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

65 

5.12 

824 

3009-B 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

65 

4.54 

813 

3010-A 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.86 

814 

3010-B 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

6.82 

815 

3010-C 

6061-T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

7.32 

816 

3010-1-A 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

■ 0.250 

0 

7.22 

817 

3010-1-B 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.76 

826 

3011 -A 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

7.02 

825 

3011-B 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.75 

827 

3012-B 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

30 

2.67 

828 

3012-D 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

30 

4.31 

830 

3013-A 

6061 -T6 

0.040 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.250 

30 

6.98 

831 

3017-A 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

65 

6.97 

832 

3017-B 

6061 -T6 

0.040 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.250 

65 

6.25 


P3000SER.WK1 





BUMPER 

BUMPER 

BUMPER 

Mil 

BACKUALL 

BACKUALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 




(IN) 

(IN) 



(IN) 



(DEG) 

(KM/S) 

833 

3017-C 

6061 -T6 

0.040 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

65 

4.70 

876 

3019-A 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

4.25 

877 

3019-B 

6061 -T6 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

4.76 

844 

3020-A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.65 

834 

3020-B 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

7.05 

845 

3021 -A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

7.18 

836 

3022 -A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

30 

2.15 

835 

3022-B 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

30 

3.25 

842 

3022-C 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

30 

4.06 

843 

3022-D 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

30 

4.86 

840 

3023-A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

30 

6.90 

839 

3023- B 

6061 -T6 

0.063 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.250 

30 

6.15 

841 

3024-B 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

30 

7.02 

847 

3027-A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.90 

846 

3028-A 

6061 -T6 

0.063 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.313 

45 

7.01 

848 

3029- C 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

3.88 

849 

3030-A 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

3.49 

851 

3031 -B 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

65 

3.36 

850 

3031 -C 

6061 -T6 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

65 

6.99 

852 

3033 -A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

3.86 

853 

3033 -B 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

3.40 

869 

3033 -C 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.57 

854 

3034-A 

6061-T6 

0.080 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.313 

0 

4.50 

855 

3034- B 

6061 -T6 

0.080 

4 

YES 

2219- T87 

0.125 

AL-1100 

0.313 

0 

3.63 

856 

3034-C 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.60 

863 

3035-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

45 

5.28 

864 

3035 -B 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

45 

5.90 

857 

3036-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

45 

5.53 

858 

3036-B 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

' 0.250 

45 

6.44 

861 

3037-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

45 

7.12 

870 

3038-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

5.01 

871 

3038- B 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

65 

6.38 

866 

3039-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

65 

5.66 

867 

3039-B 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

65 

4.54 

868 

3039- C 

6061 -T6 

0.080 

4 

YES 

2219-T87 

.0.125 

AL-1100 

0.250 

65 

6.26 

865 

3040-A 

6061 -T6 

0.080 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

65 

6.92 


P3000SER.WK1 (Continued) 





BUMPER 

BUMPER 

BUMPER 

ML I 


BACKUALL 

BACKUALL 

PROJECTILE 

PROJECT I L 

IMPACT 

AVERAGE 

SHOT NO. 

JEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 




(IN) 

(IN) 




(IN) 


- 

(DEG) 

(KM/S) 

1212 

3101 -A 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.187 

0 

3.82 

1213 

3101 -B 

6061 -T6 

0.063 

4 

YES/0.25" 

0 . 8 . 

2219-187 

0.188 

AL-1100 

0.187 

0 

4.32 

1214 

3101 -C 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.187 

0 

3.51 

1215 

3102-A 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-T87 

0.188 

AL-1100 

0.250 

0 

3.77 

1217 

31 02 - B 

6061-16 

0.063 

4 

YES/0.25" 

O.B. 

2219-T87 

0.188 

AL-1100 

0.250 

0 

4.65 

1218 

3102-C 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.250 

0 

5.25 

1219 

3102-0 

6061 -T6 

0.063 

4 

YES/0. 25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.250 

0 

4.84 

1220 

3102-E 

6061-16 

0.063 

4 

YES/0.25" 

O.B. 

2219-T87 

0.188 

AL-1100 

0.250 

0 

5.14 

1221 

3103-A 

6061-16 

0.063 

4 

YES/0.25" 

O.B. 

2219-T87 

0.188 

AL-1100 

0.313 

0 

5.93 

1222 

3103-B 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-T87 

0.188 

AL-1100 

0.313 

0 

5.79 

1223 

3103-C 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.313 

0 

6.37 

1224 

3103-0 

6061 -T6 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.313 

0 

6.5 

1225 

3103-E 

6061-16 

0.063 

4 

YES/0.25" 

0 . 8 . 

2219-187 

0.188 

AL-1100 

0.313 

0 

6.75 

1226 

3105-A 

6061-16 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.250 

45 

4.87 

1228 

3105-B 

6061-16 

0.063 

4 

YES/0.25" 

O.B. 

2219-187 

0.188 

AL-1100 

0.250 

45 

4.43 

874 

3120-A 

6061 -T6 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.250 

0 

4.95 

875 

3120-B 

6061-16 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.250 

0 

5.42 

872 

3121 -A 

6061 -T6 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

0 

5.6 

873 

3121 -B 

6061-16 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.313 

0 

4.64 

890 

3122-A 

6061-16 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.187 

45 

7.41 

895 

3122-B 

6061-16 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.187 

45 

6.27 

900 

3122-C 

6061-16 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.187 

45 

4.93 

901 

3122-0 

6061-16 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.187 

45 

5.42 

888 

3123-A 

6061-16 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.250 

45 

7.18 

889 

3123-B 

6061 -T6 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.250 

45 

7.55 

884 

3124-A 

6061 -T6 

0.032 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.313 

45 

4.96 

885 

3124-B 

6061-16 

0.032 

12 

YES 


2219-18 7 

0.125 

AL-1100 

0.313 

45 

6.24 

886 

3124-C 

6061 -T6 

0.032 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

45 

6.62 

882 

3128- A 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.187 

0 

3.64 

883 

3128-B 

6061-16 

0.063 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.187 

0 

4.23 

880 

3129-A 

6061-16 

0.063 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.250 

0 

4.25 

881 

3129-B 

6061 -T6 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.250 

0 

4.75 

878 

3130-A 

6061 -T6 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

0 

5.26 

879 

3130-A 

6061 -T6 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

0 

4.57 

902 

3 131 -A 

6061-16 

0.063 

12 

YES 


2219- T87 

0.125 

AL-1100 

0.187 

45 

4.13 

903 

3131-B 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.187 

45 

3.91 

918 

3131 -C 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.187 

45 

3.6 

915 

3132- A 

6061-16 

0.063 

12 

YES 


2219-18 7 

0.125 

AL-1100 

0.250 

45 

5.36 

916 

3132-B 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.250 

45 

6.96 

917 

3132-C 

6061 -T6 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.250 

45 

6.42 

904 

3133-A 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

45 

5-J3 

910 

3133-B 

6061-16 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

45 

6.36 

911 

3133-C 

6061 -T6 

0.063 

12 

YES 


2219-T87 

0.125 

AL-1100 

0.313 

45 . 

6.91 

914 

3133-0 

6061 -T6 

0.063 

12 

YES 


2219-187 

0.125 

AL-1100 

0.313 

45 

6.78 


P3100SER.WK1 





BUMPER 

BUMPER 

BUMPER 

MLI 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 




(IN) 

(IN) 


966 

3202 

6061 -T6 

0.040 

4 

YES 

1010 

3202-A 

6061 -T6 

0.080 

4 

YES/O. B, 

1011 

3202-B 

6061 -T6 

0.080 

4 

YES/O. B 

1012 

3202-C 

6061 -T6 

0.080 

4 

YES/O. B, 

967 

3205 

6061 -T6 

0.040 

4 

YES 

969 

3206 

6061 -T6 

0.040 

4 

YES 

970 

3207 

6061 -T6 

0.032 

4 

YES 

971 

3208 

6061 -T6 

0.032 

4 

YES 

972 

3209 

6061 -T6 

0.040 

4 

YES 

983 

3209-1 

6061 -T6 

0.040 

4 

YES 

974 

3210 

6061 -T6 

0.032 

4 

YES 

973 

3211 

6061 -T6 

0.040 

4 

YES 

975 

3212 

6061 -T6 

0.040 

4 

YES 

982 

3212-1 

6061 -T6 

.032 

4 

YES 

976 

3213 

6061 -T6 

0.040 

4 

YES 

977 

3214 

6061 -T6 

0.040 

4 

YES 

978 

3215 

6061 -T6 

0.040 

4 

YES 

980 

3216 

6061 -T6 

0.040 

4 

YES 

979 

3217 

6061 -T6 

0.032 

4 

YES 

981 

3218 

6061 -T6 

0.040 

4 

YES 

984 

3220-A 

6061 -T6 

0.032 

12 

YES 

985 

3220-B 

6061 -T6 

0.032 

12 

YES 

986 

3221-A 

6061 -T6 

0.032 

12 

YES 

987 

3221 -B 

6061 -T6 

0.032 

12 

YES 

988 

3222-A 

6061 -T6 

0.032 

12 

YES 

991 

3223-A 

6061 -T6 

0.063 

12 

YES 

990 

3224-A 

6061 -T6 

0.063 

12 

YES 

989 

3224-B 

6061 -T6 

0.063 

12 

YES 

992 

3225 

6061 -T6 

0.032 

12 

YES 

993 

3225-A 

6061 -T6 

0.032 

12 

YES 

1009 

3225 -C 

6061 -T6 

0.032 

12 

YES 

995 

3226-A 

6061 -T6 

0.063 

12 

YES 

994 

3226-B 

6061 -T6 

0.063 

12 

YES 

996 

3226-C 

6061 -T6 

0.063 

12 

YES 

997 

3227-A 

6061 -T6 

0.063 

4 

YES 

1002 

3227- B 

6061 -T6 

0.063 

4 

YES 

998 

3227-C 

6061 -T6 

0.063 

12 

YES 

1000 

3227-P 

6061 -T6 

0.063 

4 

YES/OB 


BACKUALL 

BACKUALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

MATERIAL 

THICKNESS 

(IN) 

MATERIAL 

DIAMETER 

ANGLE 

(DEG) 

VELOCITY 

(KM/S) 


2219-T87 

0.125 

AL-1100 

0.187 

0 

7.20 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.23 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.43 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.72 

2219-T87 

0.125 

AL-1100 

0.25 

0 

6.75 

2219- T87 

0.125 

AL-1100 

0.25 

0 

6.80 

2219- T87 

0.125 

AL-1100 

0.25 

45 

6.48 

2219-T87 

0.125 

AL-1100 

0.25 

65 

3.80 

2219-T87 

0.125 

AL-1100 

0.25 

65 

5.83 

2219-T87 

0.125 

AL-1100 

0.25 

65 

4.61 

2219-T87 

0.125 

AL-1100 

0.25 

65 

5.60 

2219-T87 

0.125 

AL-1100 

0.25 

65 

5.67 

2219-T87 

0.125 

AL-1100 

0.313 

65 

3.43 

2219-T87 

0.125 

AL-1100 

0.313 

65 

3.57 

2219-T87 

0.125 

AL-1100 

0.313 

65 

4.46 

2219-T87 

0.125 

AL-1100 

0.313 

65 

5.16 

2219-T87 

0.125 

AL-1100 

0.313 

65 

5.65 

2219-T87 

0.125 

AL-1100 

0.313 

65 

6.31 

2219-T87 

0.125 

AL-1100 

0.313 

65 

6.05 

2219-T87 

0.125 

AL-1100 

0.313 

65 

6.49 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.96 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.48 

2219-T87 

0.125 

AL-1100 

0.25 

0 

6.20 

2219-T87 

0.125 

AL-1100 

0.25 

0 

6.37 

2219-T87 

0.125 

AL-1100 

0.187 

0 

5.55 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.85 

2219-T87 

0.125 

AL-1100 

0.25 

0 

5.15 

2219-T87 

0.125 

AL-1100 

Q.25 

0 

5.26 

2219-T87 

0.125 

AL-1100 

0.375 

0 

5.94 

2219-T87 

0.125 

AL-1100 

0.375 

0 

5.91 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.24 

2219-T87 

0.125 

AL-1100 

0.375 

0 

5.62 

2219-T87 

0.125 

AL-1100 

0.375 

0 

5.55 

2219-T87 

0.125 

AL-1100 

0.375 

0 

5.97 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.80 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.70 

2219- T87 

0.125 

AL-1100 

0.375 

0 

6.56 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.90 


P3200SER.WK1 





BUMPER 

BUMPER 

BUMPER 

ML I 

BACKUALL 

BACKUALL 

PROJECTILE 

PROJECT I L 

IMPACT 

AVERAGE 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 




(IN) 

(IN) 



(IN) 



(DEG) 

(KM/S) 

1005 

3301 -A 

6061 -T6 

0.08 

4 

YES/O. B. 

2219-T87 

0.125 

AL-1100 

0.250 

0 

3.93 

1006 

3301 -B 

6061 -T6 

0.08 

4 

YES/O. B. 

2219-T87 

0.125 

AL-1100 

0.250 

0 

4.27 

1007 

3301-C 

6061 -T6 

0.08 

4 

YES/O. B. 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.27 

1008 

3301 -D 

6061 -T6 

0.08 

4 

YES/O. B. 

2219- T87 

0.125 

AL-1100 

0.250 

0 

5.48 

1029 

3301 -E 

6061 -T6 

0.08 

4 

YES/O. 25“ 

2219-T87 

0.125 

AL-1100 

0.250 

0 

4.98 

1030 

3302-E 

6061 -T6 

0.08 

4 

YES/O. 25" 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.22 

1014 

3303-A 

6061 -T6 

0.08 

4 

YES/O. 25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.41 

1015 

3303 -B 

6061 -T6 

0.08 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.77 

1016 

3303 -C 

6061 -T6 

0.08 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.13 

1021 

3303 -D 

6061 -T6 

0.08 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

5.65 

1017 

3304-A 

6061 -T6 

0.08 

4 

YES/O. 25" 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.2 

1018 

3304-B 

6061 -T6 

0.08 

4 

YES/O. 25" 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.28 

1019 

3304 -C 

6061 -T6 

0.08 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.84 

1020 

3304-D 

6061 -T6 

0.08 

4 

YES/0.25" 

2219- T87 

0.125 

AL-1100 

0.250 

45 

6.91 

1025 

3305 -A 

6061-T6 

0.063 

4 

YES/0.25" 

2219- T 87 

0.125 

AL-1100 

0.187 

0 

4.63 

1023 

3305 -B 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

0 

4.18 

1024 

3305 -C 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

0 

3.79 

1026 

3306-A 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.22 

1031 

3306- B 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.98 

1027 

3306- C 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.250 

0 

7.05 

1028 

3306-0 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.250 

0 

6.98 

1032 

3307- A 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

4.75 

1033 

3307- B 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

0.187 

45 

6.28 

1034 

3038-A 

6061 -T6 

0.063 

4 

YES/0.25" 

2219-T87 

0.125 

AL-1100 

Q.25Q 

45 

5.2 

1035 

3308- B 

6061 -T6 

0.063 

4 

YES/O. 25" 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.21 


P3300SER.WK1 



BUMPER 

BUMPER 

BUMPER 

ML I 

SHOT NO.' TEST NO. MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 


(IN) 

(IN) 



1140 

3401 -A 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1144 

3401 -B 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1139 

3401 -C 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1138 

3401 -D 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1143 

3402-A 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1145 

3402-B 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1142 

3402-C 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1141 

3402-D 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1149 

3403-A 

6061 -T6 

0.063 

4 

YES/0.25" O.B 

1148 

3403 -B 

6061 -T6 

0.063 

4 

YES/0.25" O.B 

1147 

3403 -C 

6061 -T6 

0.063 

4 

YES/0. 25" O.B 

1146 

3403-D 

6061 -T6 

0.063 

4 

YES/0.25" O.B 

1152 

3404-A 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1153 

3404 -B 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1154 

3404-C 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1156 

3404-D 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1165 

3405-A 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1166 

3405 -B 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1167 

3405 -C 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1168 

3405-D 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1161 

3406-A 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1162 

3406- B 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1163 

3406-C 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1164 

3406-D 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1169 

3406-D1 

6061 -T6 

0.063 

4 

YES/2" O.B. 

1160 

3407-A 

6061 -T6 

0.063 

4 

YES/0. 25" O.B 

1159 

3407- B 

6061 -T6 

0.063 

4 

YES/0.25" O.B 

1158 

3407- C 

6061 -T6 

0.063 

4 

YES/0.25". O.B 

1157 

3407-D 

6061 -T6 

0.063 

4 

YES/0.25" O.B 


BACKWALL 

BACKWALL 

PROJECTILE 

MATERIAL 

THICKNESS 

(IN) 

MATERIAL 


2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219- T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 

2219- T87 

0.125 

AL-1100 

2219-T87 

0.125 

AL-1100 


PROJECTILE 

IMPACT 

AVERAGE 

DIAMETER 

ANGLE 

VELOCITY 


(DEG) 

(KM/S) 


0.313 

0 

7.22 

0.313 

0 

7.09 

0.313 

0 

6.12 

0.313 

0 

5.25 

0.313 

0 

7.18 

0.313 

0 

7.1 

0.313 

0 

6.17 

0.313 

0 

5.02 

0.313 

0 

7.15 

0.313 

0 

7.1 

0.313 

0 

6.2 

0.313 

0 

5.03 

0.375 

0 

6.85 

0.375 

0 

6.85 

0.375 

0 

6.23 

0.375 

0 

5.5 

0.250 

0 

3.03 

0.250 

0 

3.83 

0.250 

0 

5.1 

0.250 

0 

6.2 

0.250 

0 

3.06 

0.250 

0 

4.05 

0.250 

0 

5.16 

0.250 

0 

5.58 

0.250 

0 

6.09 

0.250 

0 

2.91 

0.250 

0 

3.94 

0.250 

0 

4.81 

0.375 

0 

5.81 


P3400SER.WK1 





BUMPER 

BUMPER 

BUMPER 

ML I 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 




(IN) 

(IN) 


1042 

4001 -A 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1040 

4001-B 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1041 

4001 -C 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1043 

4001-D 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1046 

4002-A 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1044 

4002-B 

6061-T6 

0.080 

4 

YES/0. 25"O.B. 

1045 

4002-C 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1047 

4002-D 

6061 -T6 

0.063 

4 

YES/0. 25"O.B. 

1056 

4002-E 

6061 -T6 

0.080 

4 

YES/0. 25»O.B. 

1048 

4003-A 

6061 -T6 

0.063 

4 

YES/0. 25"O.B. 

1049 

4003-B 

6061 -T6 

0.080 

4 

YES/0. 25»O.B. 

1051 

4003 -C 

6061-T6 

0.080 

4 

YES/0. 25 "O.B. 

1050 

4003-D 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 

1052 

4004-A 

6061-T6 

0.080 

4 

YES/0. 25"O.B. 

1053 

4004-B 

6061 -T6 

0.080 

4 

YES/0. 25 ,, O.B. 

1054 

4004 -C 

6061 -T6 

0.080 

4 

YES/0. 25"O.B. 


BACK WALL 

BACK WALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 


(IN) 


(IN) 

(DEG) 

(KM/S) 

2219-T87 

0.125 

AL-1100 

0.313 

45 

3.15 

2219-T87 

0.125 

AL-1100 

0.313 

45 

4.29 

2219-T87 

0.125 

AL-1100 

0.313 

45 

6.12 

2219-T87 

0.125 

AL-1100 

0.313 

45 

6.71 

2219-T87 

0.125 

AL-1100 

0.313 

75 

3.20 

2219- T87 

0.125 

AL-1100 

0.313 

75 

3.97 

2219-T87 

0.125 

AL-1100 

0.313 

75 

6.30 

2219-T87 

0.125 

AL-1100 

0.313 

75 

7.14 

2219-T87 

0.125 

AL-1100 

0.313 

75 

6.41 

2219-T87 

0.125 

AL-1100 

0.313 

45 

3.43 

2219-T87 

0.125 

AL-1100 

0.313 

45 

6.29 

2219-T87 

0.125 

AL-1100 

0.313 

45 

3.18 

2219- T87 

0.125 

AL-1100 

0.313 

45 

6.22 

2219-T87 

0.125 

AL-1100 

0.313 

75 

3.19 

2219-T87 

0.125 

AL-1100 

0.313 

75 

6.08 

2219-T87 

0.125 

AL-1100 

0.313 

75 

6.19 


P4000SER.WK1 





BUMPER 

BUMPER 

BUMPER 

MU 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 




(IN) 

(IN) 


1105 

4100-A 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1106 

4100-8 

6061 -T6 

0.05 

4 

YES/0. 25" O.B 

1108 

4100-C 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1109 

4100-D 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1110 

4101 -A 

6061 -T6 

0.05 

4 

YES/0. 25" O.B 

1111 

4101-B 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1112 

4101-C 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1113 

4101 -D 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1190 

4102-A 

6061 -T6 

0.05 

4 

YES/0. 25“ O.B 

1189 

4102-B 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1191 

4102-C 

6061 -T6 

0.05 

4 

YES/0. 25" O.B 

1209 

4102-C1 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1210 

4102-C2 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1211 

4102-D 

6061 -T6 

0.05 

4 

YES/0. 25" O.B 

1114 

4103-A 

6061 -T6 

0.05 

4 

YES/0. 25" 0.8 

1115 

4103-B 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1116 

4103-C 

6061 -T6 

0.05 

4 

YES/0.25" O.B, 

1121 

4103-D 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1118 

4104-A 

6061 -T6 

0.05 

4 

YES/0.25" O.B 

1122 

4104-B 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1123 

4104-C 

6061 -T6 

0.05 

4 

YES/0. 25"*O.B. 

1124 

4104-D 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1185 

4105-A 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1187 

4105-A1 

6061 -T6 

0.05 

4 

YES/0. 25" O.B, 

1184 

4105-B 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1182 

4105-C 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1183 

4105-D 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1125 

4106-A 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1133 

4106-A1 

6061 -T6 

0.05 

4 

YES/0.25" O.B, 

1126 

4106-B 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1134 

4106-B1 

6061 -T6 

0.05 

4 

YES/0. 25" O.B, 

1137 

4106-C 

6061 -T6 

0.05 

4 

YES/0.25" O.B, 

1136 

4106-D 

6061 -T6 

0.05 

4 

YES/0. 25" O.B, 

1128 

4107-A 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1130 

4107-B 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 

1131 

4107-C 

6061 -T6 

0.05 

4 

YES/0. 25" O.B. 

1132 

4107-0 

6061 -T6 

0.05 

4 

YES/0.25" O.B. 


BACKWAU 

BACKWALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 


(IN) 



(DEG) 

(KM/S) 

2219-T87 

0.125 

AL-1100 

0.187 

45 

3 

2219-T87 

0.125 

AL-1100 

0.187 

45 

3.78 

2219-T87 

0.125 

AL-1100 

0.187 

45 

5.66 

2219-T87 

0.125 

AL-1100 

0.187 

45 

7.2 

2219-T87 

0.125 

AL-1100 

0.250 

45 

3.14 

2219-T87 

0.125 

AL-1100 

0.250 

45 

4.13 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.14 

2219-T87 

0.125 

AL-1100 

0.250 

45 

7.52 

2219-T87 

0.125 

AL-1100 

0.313 

45 

2.95 

2219-T87 

0.125 

AL-1100 

0.313 

45 

4.12 

2219- T87 

0.125 

AL-1100 

0.313 

45 

6.24 

2219-T87 

0.125 

AL-1100 

0.313 

45 

6.05 

2219- T87 

0.125 

AL-1100 

0.313 

45 

6.02 

2219-T87 

0.125 

AL-1100 

0.313 

45 

7.18 

2219-T87 

0.125 

AL-1100 

0.187 

60 

2.94 

2219- T87 

0.125 

AL-1100 

0.187 

60 

3.98 

2219-T87 

0.125 

AL-1100 

0.187 

60 

5.88 

2219-T87 

0.125 

AL-1100 

0.187 

60 

7.37 

2219- T87 

0.125 

AL-1100 

0.250 

60 

7.23 

2219-T87 

0.125 

AL-1100 

0.250 

60 

4.19 

2219- T87 

0.125 

AL-1100 

0.250 

60 

6.12 

2219-T87 

0.125 

AL-1100 

0.250 

60 

7.52 

2219-T87 

0.125 

AL-1100 

0.313 

60 

2.92 

2219- T87 

0.125 

AL-1100 

0.313 

60 

2.98 

2219-T87 

0.125 

AL-1100 

0.313 

60 

4.02 

2219-T87 

0.125 

AL-1100 

0.313 

60 

6.15 

2219- T87 

0.125 

AL-1100 

0.313 

60 

7.23 

2219-T87 

0.125 

AL-1100 

0.187 

60 

3.05 

2219-T87 

0.125 

AL-1100 

0.187 

75 

3.1 

2219-T87 

0.125 

AL-1100 

0.187 

60 

4.12 

2219- T87 

0.125 

AL-1100 

0.187 

75 

3.99 

2219- T87 

0.125 

AL-1100 

0.187 

75 

5.95 

2219- T87 

0.125 

AL-1100 

0.187 

75 

7.56 

2219-T87 

0.125 

AL-1100 

0.250 

75 

3.05 

2219-T87 

0.125 

AL-1100 

0.250 

75 

4.11 

2219-T87 

0.125 

AL-1100 

0.250 

75 

6.2 

2219-T87 

0.125 

AL-1100 

0.250 

75 

7.64 


P4100SER.WK1 



101 




BUMPER 

BUMPER 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 




(IN) 

1186 

4108-A 

6061 -T6 

0.05 

1188 

4108-A1 

6061 -T6 

0.05 

1179 

4108-B 

6061 -T6 

0.05 

1180 

4108-C 

6061 -T6 

0.05 

1181 

4108-D 

6061 -T6 

0.05 

1058 

4109-A 

6061 -T6 

0.08 

1059 

4109-B 

6061 -T6 

0.08 

1060 

4109-C 

6061 -T6 

0.08 

1062 

4109-D 

6061 -T6 

0.08 

1064 

4110-A 

6061 -T6 

0.08 

1065 

4110-B 

6061 -T6 

0.08 

1068 

4110-C 

6061 -T6 

0.08 

1069 

4110-0 

6061 -T6 

0.08 

1070 

4111-A 

6061 -T6 

0.08 

1071 

4111-B 

6061 -T6 

0.08 

1072 

4111 -C 

6061 -T6 

0.08 

1073 

4111-0 

6061 -T6 

0.08 

1074 

4112-A 

6061 -T6 

0.08 

1075 

4112-B 

6061 -T6 

0.08 

1076 

4112-C 

6061 -T6 

0.08 

1077 

4112-0 

6061 -T6 

0.08 

1078 

4113-A 

6061 -T6 

0.08 

1079 

4113-B 

6061 -T6 

0.08 

1080 

4113-C 

6061-T6 

0.08 

1082 

4113-D 

6061 -T6 

0.08 

1083 

4114-A 

6061 -T6 

0.08 

1084 

4114-B 

6061-T6 

0.08 

1085 

4114-C 

6061 -T6 

0.08 

1086 

4114-0 

6061 -T6 

0.08 

1089 

41 1 5- A 

6061 -T6 

0.08 

1088 

4115-B 

6061 -T6 

0.08 

1090 

4115-C 

6061 -T6 

0.08 

1091 

4115-D 

6061 -T6 

0.08 

1092 

411 6- A 

6061 -T6 

0.08 

1093 

4116-B 

6061 -T6 

0.08 

1094 

4116-C 

6061 -T6 

0.08 

1095 

41 16-0 

6061 -T6 

0.08 

1096 

4117-A 

6061 -T6 

0.08 

1097 

4117-B 

6061 -T6 

0.08 

1098 

4117-C 

6061 -T6 

0.08 

1103 

4117-0 

6061 -T6 

0.08 


BUMPER 

ML I 

BACKWALL 

STANDOFF (Y/N) 

(IN) 

MATERIAL 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" 0.8. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T8 7 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T8 7 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

22^9- T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" 0.8. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219- T87 

4 

YES/0.25" O.B. 

2219-T87 

4 

YES/0.25" O.B. 

2219-T87 


t *1 n / « 


BACKWALL 

PROJECTILE 

PROJECTILE 

IMPACT 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

(IN) 



(DEG) 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.187 

45 

0.125 

AL-1100 

0.187 

45 

0.125 

AL-1100 

0.187 

45 

0.125 

AL-1100 

0.187 

45 

0.125 

AL-1100 

0.250 

45 

0.125 

AL-1100 

0.250 

45 

0.125 

AL-1100 

0.250 

45 

0.125 

AL-1100 

0.250 

45 

0.125 

AL-1100 

0.313 

45 

0.125 

AL-1100 

0.313 

45 

0.125 

AL-1100 

0.313 

45 

0.125 

AL-1100 

0.313 

45 

0.125 

AL-1100 

0.187 

60 

0.125 

AL-1100 

0.187 

60 

0.125 

AL-1100 

0.187 

60 

0.125 

AL-1100 

0.187 

60 

0.125 

AL-1100 

0.250 

60 

0.125 

AL-1100 

0.250 

60 

0.125 

AL-1100 

0.250 

60 

0.125 

AL-1100 

0.250 

60 

0.125 

AL-1100 

0.313 

60 

0.125 

AL-1100 

0.313 

60 

0.125 

AL-1100 

0.313 

60 

0.125 

AL-1100 

0.313 

60 

0.125 

AL-1100 

0.187 

75 

0.125 

AL-1100 

0.187 

75 

0.125 

AL-1100 ' 

0.187 

75 

0.125 

AL-1100 

0.187 

75 

0.125 

AL-1100 

0.250 

75 

0.125 

AL-1100 

0.250 

75 

0.125 

AL-1100 

0.250 

75 

0.125 

AL-1100 

0.250 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

0.125 

AL-1100 

0.313 

75 

# 1 ' 





AVERAGE 

VELOCITY 

(KM/S) 

3.12 

2.95 
3.97 

5.96 
7.07 
3.27 
A. 14 
6.53 
7.46 
3.25 

4 

5.76 

6.96 
2.85 
3.94 

5.97 
6.81 
3.33 
4.05 
5.87 

7.5 

2.97 
3.77 

6.3 

7.12 

3.13 

3.98 

5.92 

7.4 
3.13 
4.08 
6.06 

7.3 

2.92 
4.48 
6.24 
7.36 
3.11 
4.05 
6.03 

7.2 
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BUMPER 

BUMPER 

BUMPER 

MLI 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 




(IN) 

(IN) 


1170 

9001-1 

6061 -T6 

0.063 

4 

YES/0. 25"O.B. 

1171 

9001 -A 

6061 -T6 

0.050 

4 

YES/0. 25"O.B. 

1172 

9001 -B 

6061-T6 

0.050 

4 

YES/0. 25"O.B. 

1173 

9001 -C 

6061 -T6 

0.050 

4 

YES/0. 25»O.B. 

1174 

9001-0 

6061 -T6 

0.050 

4 

YES/0. 25 ,, O.B. 

1175 

9002-A 

6061 -T6 

0.050 

4 

YES/O. 25"O.B. 

1176 

9002 -B 

6061 -T6 

0.050 

4 

YES/0. 25"O.B. 

1177 

9002- C 

6061 -T6 

0.050 

4 

YES/0. 25"O.B. 

1178 

9002-0 

6061 -T6 

0.050 

4 

YES/0. 25"O.B. 


BACK WALL 

BACK UALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 


(IN) 


(IN) 

(DEG) 

(KM/S) 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.00 

2219-T87 

0.125 

AL-1100 

0.250 

45 

5.97 

2219-T87 

0.125 

AL-1100 

0.250 

45 

5.92 

2219-T87 

0.125 

AL-1100 

0.250 

45 

5.94 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.11 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.39 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.40 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.35 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.37 


P9000SER.WK1 
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BUMPER 


SHOT NO. 

TEST NO. 

MATERIAL 

769 

CAMERA- T1 

6061 -T6 

771 

STRESS 

6061 -T6 

772 

STRESS 

6061 -T6 

774 

STRESS 

6061 -T6 

919 

FL-1 

6061 -T6 

920 

FL-2 

6061 -T6 

894 

MLI-ON-B-1 

6061 -T6 

896 

MLI-ON-B-2 

6061 -T6 

897 

MLI-ON-B-3 

6061 -T6 

898 

MLI -ON-B-4 

6061 -T6 

1150 

MLI-T-2 

6061-T6 

859 

ML I -PURGE- 1 

6061 -T6 

905 

BL-AL-1 

6061 -T6 

909 

BL-AL-2 

6061 -T6 

734 

CAM-1 

6061 -T6 

735 

CAM -2 

6061 -T6 

745 

EHSS-M1 

6061 -T6 

746 

EHSS-M2 

6061 -T6 

747 

EHSS-M3 

6061 -T6 

756 

EHSS-M4 

6061 -T6 

736 

T5A 

6061 -T6 

737 

T5B 

6061 -T6 

738 

T5C 

6061 -T6 

739 

T5D 

6061 -T6 

740 

T5E 

6061 -T6 

741 

T5F 

6061-T6 

742 

T5G 

6061 -T6 

748 

T5H 

6061 -T6 

749 

T5I 

6061 -T6 

750 

T5J 

6061 -T6 

751 

T5K 

6061 -T6 

752 

T5L 

6061 -T6 

754 

T5M 

6061 -T6 


BUMPER 

BUMPER 

MLI 

BACK WALL 

BACK WALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

THICKNESS 

STANDOFF 

(Y/N) 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 

(IN) 

(IN) 



(IN) 


(IN) 

(DEG) 

(KM/S) 

0.063 

4 

NO 

2219-T87 

0.063 

AL-1100 

0.313 

0 

7.10 

0.063 

4 

YES 

2219-T87 

0.125 

AL-6061 

0.500 

0 

45.0 

0.063 

4 

YES 

5456-H116 

0.125 

AL-6061 

0.500 

0 

5.99 

0.063 

4 

YES 

2219-T87 

0.125 

AL-6061 

0.500 

0 

4.77 

0.08 

4 

AL/NYLON 

2219-T87 

0.125 

LEXAN 

0.500 

0 

6.25 

0.08 

4 

AL/NYLON 

5456-H116 

0.125 

LEXAN 

0.500 

0 

6.39 

0.063 

4 

YES/REAR OF BMPR 

2219- T87 

0.125 

AL-1100 

0.313 

0 

7.13 

0.063 

4 

YES/REAR OF BMPR 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.88 

0.032 

4 

YES/REAR OF BMPR 

2219-T87 

0.125 

AL-1100 

0.187 

0 

7.25 

0.032 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.187 

0 

7.75 

0.063 

4 

YES/0. 25»O.B. 

2219-T87 

0.125 

AL-1100 

0.313 

0 

7.15 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.85 

0.063 

4 

AL FOIL 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.93 

0.063 

4 

AL FOIL 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.83 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.27 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.27 

0.063 

4 

YES 

5456-H1 16 

0.125 

AL-1100 

0.313 

0 

7.00 

0.063 

4 

YES 

5456-H116 

0.125 

AL-1100 

0.313 

45 

7.08 

0.063 

4 

YES 

5456-H116 

0.125 

AL-1100 

0.313 

0 

7.00 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.313 

0 

6.92 

0.063 

4 

NO 

S456-H116 

0.125 

AL-1100 

0.375 

0 

6.86 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.85 

0.063 

4 

NO 

5456-H116 

0.125 

AL-1100 

0.375 

0 

6.96 

0.063 

4 

NO 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.88 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.85 

0.063 

4 

YES 

5456-H1 16 

0.125 

AL-1100 

0.375 

0 

6.83 

0.063 

4 

YES 

5456-H116 

0.125 

AL-1100 

0.375 

0 

6.84 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.55 

0.063 

4 

YES 

5456-H116 

0.125 

AL-1100 

0.250 

0 

5.82 

0.063 

4 

YES 

5456- H1 16 

0.125 

AL-1100 

0.250 

0 

4.67 

0.063 

4 

YES 

5456-H116 

0.125 

AL-1100 

0.250 

0 

5.87 

0.063 

4 

YES 

2219-T87 

0.125 

AL-1100 

0.250 

0 

5.65 

0.063 

4 

YES 

2219-T87 . 

0.125 

AL-1100 

0.250 

0 

5.45 


PMISC.WK1 
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BUMPER 

BUMPER 

BUMPER 

ML I 

SHOT NO. 

TEST NO. 

MATERIAL 

THICKNESS 

STANDOFF 

(Y/N) 




(IN) 

(IN) 


906 

' WG01 

6061 -T6 

0.063 

4 

YES 

907 

WG02 

6061 -T6 

0.063 

4 

YES 

912 

UG03 

6061 -T6 

0.063 

4 

YES 

913 

WG04 

6061 -T6 

0.063 

4 

YES 

921 

WG05 

6061 -T6 

0.080 

12 

YES 

922 

WG06 

6061 -T6 

0.080 

12 

YES 

925 

WG07 

6061 -T6 

0.080 

12 

YES 

926 

WG08 

6061 -T6 

0.080 

12 

YES 

927 

WG09 

6061 -T6 

0.080 

4 

YES 

887 

FP-01 

6061 -T6 

0.063 

4 

YES 

892 

FP-02 

6061 -T6 

0.063 

4 

YES 

893 

FP-03 

6061 -T6 

0.063 

4 

YES 

899 

FP-04 

6061 -T6 

0.080 

4 

YES 

932 

FP-05 

6061 -T6 

0.063 

4 

YES 

933 

FP-06 

6061 -T6 

0.063 

4 

YES 

934 

FP-07 

6061 -T6 

0.063 

4 

YES 

937 

FP-08 

6061 -T6 

0.080/KEV CL 

4. 5/1. 5 

NO 

938 

FP-09 

6061 -T6 

0.08G/KEV CL 

4. 5/1. 5 

NO 

942 

FP-10/1001-B 

6061 -T6 

0.063 

4 

YES 

946 

FP-11/1001-C 

6061 -T6 

0.063 

4 

YES 

947 

FP-12/1001-A 

6061 -T6 

0.063 

4 

YES 

948 

FP-13/1002-B 

6061 -T6 

0.063 

4 

YES 

950 

FP-14/1004-A 

6061 -T6 

0.063 

4 

YES 

951 

FP- 15/1004-B 

6061 -T6 

0.063 

4 

YES 

952 

FP-16/1002-A 

6061-T6 

0.063 

4 

YES 

953 

FP-17/1002-C 

6061 -T6 

0.063 

4 

YES 

954 

FP-18/1005-A 

6061 -T6 

0.063 

4 

YES 

955 

FP-19/1005-B 

6061 -T6 

0.063 

4 

YES 

957 

FP-20/1005-C 

6061 -T6 

0.063 

4 

YES 

958 

FP-21/1003-A 

6061 -T6 

0.063 

4 

YES 

1099 

FP-22/1003-B 

6061-T6 

0.063 

4 

YES 

1100 

FP-23/1003-C 

6061 -T6 

0.063 

4 

YES 

1101 

FP-24/1006-A 

6061-T6 

0.063 

4 

YES 

1102 

FP-25/1006-B 

6061 -T6 

0.063 

4 

YES 


BACK WALL 

BACK UALL 

PROJECTILE 

PROJECTILE 

IMPACT 

AVERAGE 

MATERIAL 

THICKNESS 

MATERIAL 

DIAMETER 

ANGLE 

VELOCITY 


(IN) 


(IN) 

(DEG) 

(KM/S) 

5456- HI 16 

WAFFLE 

AL-1100 

0.375 

0 

6.92 

2219-T87 

WAFFLE 

AL-1100 

0.375 

0 

6.86 

2219-T87 

WAFFLE 

AL-1100 

0.375 

0 

6.88 

5456-H1 16 

WAFFLE 

AL-1100 

0.375 

0 

6.85 

2219- T87 

WAFFLE 

AL-1100 

0.500 CYL 

0 

5. 1 

5456-H116 

WAFFLE 

AL-1100 

0.500 CYL 

0 

5 . 1 

2219-T87 

WAFFLE 

AL-1100 

0.500 CYL 

0 

5.18 

5456-H116 

WAFFLE 

AL-1100 

0.500 CYL 

0 

5.18 

2219-T87 

WAFFLE 

AL-1100 

0.500 CYL 

0 

5.18 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.88 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.93 

5456-H1 16 

0.125 

AL-1100 

0.375 

0 

6.86 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.87 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.83 

2219-T87 

0.125 

AL-1100 

0.375 

0 

7.06 

2219-T87 

0.125 

AL-1100 

0.375 

0 

6.99 

2219- T87 

0.125 

AL-1100 

0.500 

0 

6.03 

2219-T87 

0.125 

AL-1100 

0.500 

0 

5.84 

2219-T87 

0.125 

AL-1100 

0.187 

0 

2.47 

2219-T87 

0.125 

AL-1100 

0.187 

0 

3.07 

2219-T87 

0.125 

AL-1100 

0.187 

0 

2.02 

2219-T87 

0.125 

AL-1100 

0.187 

0 

4.14 

2219-T87 

0.125 

AL-1100 

0.187 

45 

3.26 

2219-T87 

0.125 

AL-1100 

0.187 

45 

4.34 

2219-T87 

0.125 

AL-1100 

0.250 

0 

2.6 

2219-T87 

0.125 

AL-1100 

0.250 

0 

4.35 

2219-T87 

0.125 

AL-1100 

0.250 

45 

5.32 

2219-T87 

0.125 

AL-1100 

0.250 

45 

6.5 

2219-T8 7 

0.125 

AL-1100 

0.250 

45 

7.05 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.19 

2219-T87 

0.125 

AL-1100 

0.313 

0 

5.98 

2219-T87 

0.125 

AL-1100 

0.313 

0 

7.21 

2219-T87 

0.125 

AL-1100 

0.313 

45 

6.90 

2219-T87 

0.125 

AL-1100 

0.313 

45 

7.29 


PMISC.WK1 (Continued) 
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SHOT NO. 

TEST NO. 

BUMPER 

OMIN 

PLATE HOLE 
OMAX 

BACKUALL 

PERFORATED? 

BACKVALL EQ 
HOLE DIAMETER 
(IN) 

BACKUALL 
DAMAGE AREA 
(SO. IN.) 

BACKUALL 

SPALLED? 

960 

2001 -A 

0.353 

0.353 

YES 

0.273 

23.758 

NO 

962 

2001 -B 

0.350 

0.350 

YES 

0.204 

41.282 

YES 

961 

2001 -C 

0.377 

0.377 

NO 


30.68 

YES 

929 

2002-A 

0.503 

0.503 

YES 

0.429 

53.456 

YES 

930 

2002 -B 

0.555 

0.555 

YES 


53.846 

YES 

940 

2002-C 

0.521 

0.521 

YES 

0.288 

27.155 

YES 

949 

2003-A 

0.542 

0.542 

YES 

0.209 

78.540 

YES 

944 

2003-B 

0.522 

0.522 

YES 

0.296 

70.882 

NO 

945 

2003-C 

0.544 

0.544 

YES 

0.707 

50.27 

NO 

959 

2003-A1 

0.559 

0.559 

NO 


67.201 

NO 

956 

2003-B1 

0.508 

0.508 

YES 

0.556 

60.132 

YES 

941 

2004-A 

0.542 

0.542 

YES 

0.355 

22.733 

YES 

939 

2004 -B 

0.546 

0.546 

NO 


17.721 

YES 

931 

2004 -C 

0.514 

0.514 

YES 

0.765 

25.967 

YES 


BACKUALL 

HOLE 1 

HOLE 2 

HOLE 3 

CRATER 1 

CRATER 2 

CRATER 3 

SPALL AREA 

OIA 

DIA 

DIA 

DIA 

DEPTH 

DIA 

DEPTH 

DIA 

DEPTH 

(SQ. IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 


0.172 

0.212 


0.233 

0.125 

0.111 

0.110 

0.250 

0.134 

0.035 

0.121 

0.164 


0.233 

0.134 

0.246 

0.108 

0.173 

0.067 

0.010 




0.173 

0.092 

0.159 

0.085 

0.091 

0.158 

0.153 

0.218 

0.229 

0.180 

0.179 

0.119 

0.201 

0.132 

0.192 

0.129 

0.026 

0.122 



0.156 

0.105 

0.170 

0.094 

0.145 

0.107 

0.389 

0.105 

0.211 

0.098 

0.184 

0.132 

0.145 

0.115 

0.111 

0.090 

0.24 

0.130 

0.098 

0.085 

0.255 

0.133 

0.121 

0.082 

0.170 

0.120 


0.130 

0.148 

0.221 

0.155 

0.085 

0.212 

0.095 

0.157 

0.079 


0.707 



0.161 

0.085 

0.136 

0.090 

0.141 

0.075 

0.023 

0.122 

0.166 

0.499 

0.186 

0.110 

0.197 

0.089 

0.141 

0.149 

0.570 

0.106 

0.301 

0.122 

0.173 

0.096 

0.163 

0.060 

0.128 

0.070 

0.494 




0.184 

0.108 

0.132 

0.080 

0.110 

0.073 

0.029 

0.765 



0.181 

0.075 

0.173 

0.097 

0.134 

0.068 
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NORMAL 


SHOr NO. TEST NO. 


965 

3001 

798 

3001 -A 

799 

3001 -B 

800 

3001 -C 

801 

3001 -D 

802 

3001-E 

803 

3002-A 

804 

3002- B 

806 

3002- C 

963 

3003 

964 

3004 

807 

3004 -A 

810 

3004 -8 

808 

3005 -A 

811 

3005 -B 

812 

3006-A 

818 

3007-A 

819 

3007- B 

820 

3007- C 

821 

3008-A 

822 

3008 -B 

823 

3009-A 

824 

3009- B 

813 

3010-A 

814 

3010-B 

815 

3010-C 

816 

3010-1 -A 

817 

3010-1-B 

826 

3011 -A 

825 

3011-B 

827 

3012-B 

829 

3012-C 

828 

3012-0 

830 

3013-A 

831 

301 7-A 

832 

301 7-B 

833 

301 7- C 

876 

3019-A 

877 

3019-B 

844 

3020- A 

834 

3020- B 


8UNPES PLATE HOLE BACWAll BACKVALL £0 8ACKUALL BACKUALL BACKUALL HOLE 1 

DHI8 DMAX PERFORATED? HOLE 0IAMETER DAMAGE AREA SPALLED? SPALL AREA DIA 

<IH) <<"> <“• >»•> (SO. IN.) (IN) 


0.328 

0.39 

YES 

0.126 

0.282 

0.282 

YES 

0.384 

0.334 

0.334 

YES 

0.153 

0.315 

0.349 

YES 

0.176 

0.395 

O.405 

NO 


0.32 

0.345 

YES 

0.124 

0.463 

0.463 

YES 

1.0 

0.385 

0.385 

YES 

1.387 

0.425 

0.425 

NO 


0.397 

0.442 

NO 


0.38 

0.539 

NO 


0.355 

0.431 

NO 


0.309 

0.481 

NO 


0.47 

0.614 

NO 


0.461 

0.636 

NO 


0.543 

0.768 

NO 


0.408 

0.882 

NO 


0.336 

0.53 

NO 


0.289 

0.581 

NO 


0.431 

0.842 

NO 


0.424 

0.747 

NO 


0.504 

0.921 

NO 


0.528 

1.095 

NO 


0.295 

0.34 

YES 

0.122 

0.292 

0.372 

YES 

0.153 

0.439 

0.439 

YES 

0.068 

0.508 

0.508 

NO 


0.429 

0.456 

YES 

0.25 

0.524 

0.524 

YES 

7.0 

0.508 

0.508 

YES 

7.5 

0.289 

0.327 

NO 


0.321 

0.36 

NO 


0.327 

0.389 

NO 


0.426 

0.478 

HO 


0.475 

0.846 

HO 


0.438 

0.794 

rES 

0.111 

0.456 

0.808 

NO 


0.281 

0.281 

YES 

0.391 

0.302 

0.302 

NO 


0.63 

0.63 

YES 

8.16 

0.639 

0.639 

YES 

7.12 


0.608 

NO 

0.126 

3.98 

NO 

0.384 

4.91 

NO 

0.153 

1.72 

NO 

0.176 

0.196 

NO 


0.785 

NO 

0.124 

2.41 

NO 

1.0 

5.94 

NO 

1.387 

1.77 

NO 


3.142 

NO 


0.0 

NO 


4.41 

NO 


1.23 

NO 


0.196 

NO 


1.767 

NO 


0.0 

NO 


4.91 

NO 


4.91 

NO 


19.635 

NO 


8.973 

NO 


11.045 

NO 


8.301 

NO 


12.566 

NO 


3.53 

NO 

0.108 

2.087 

NO 

0.138 

1.767 

NO 

0.068 

3.53 

NO 


3.56 

NO 

0.25 

38.485 

NO 

7.0 

44.89 

NO 

7.5 

3.563 

NO 


2.405 

NO 


2.53 

HO 


0.0 

NO 


11.763 

NO 


9.621 

HO 

0.111 

15.067 

NO 


11.045 

NO 

0.375 

25.428 

NO 


63.62 

NO 

8.16 

39.76 

NO 

7.12 


HOLE 2 HOLE 3 
DIA OIA 

ON) (IN) 


0.069 0.038 


0.108 


0.057 

0.065 


CRATER 1 


OIA 

DEPTH 

(IN) 

(IN) 

0.068 

0.042 

0.091 

0.038 

0.112 

0.127 

0.077 

0.1 

0.042 

0.016 

0.136 

0.132 

0.081 

0.06 

0.061 

0.021 

0.126 

0.09 

0.067 

0.024 

0.07 

0.01 

0.07 

0.002 

0.036 

0.004 

0.071 

0.019 

0.115 

0.031 

0.103 

0.052 

0.058 

0.005 

0.111 

0.013 

0.088 

0.019 

0.122 

0.051 

0.096 

0.03 

0.112 

0.066 

0.062 

0.082 

0.132 

0.065 

0.077 

0.104 

0.09 

0.106 


CRA'ER 2 
DIA DEPTH 

ON) (IN) 

0.06 0.046 

0.074 0.035 

0.077 0.029 

0.099 0.061 

0.025 0.006 

0.085 0.065 


0.081 0.027 

0.049 0.011 


0.046 0.002 

0.031 0.006 

0.082 0.03 

0.106 0.024 

0.121 0.01 

0.065 0.012 

0.11 0.019 

0.076 0.015 

0.108 0.062 

0.067 0.053 

0.04 0.023 

0.052 0.06 

0.088 0.096 


CRATER 3 
OIA DEPTH 

ON) (IN) 

G.066 0.03 

0.058 0.018 

0.105 0.019 

0.078 0.055 

0.057 0.04 


0.065 0.019 

0.06 0.01 


0.093 

0.03 

0.081 

0.009 

0.064 

0.016 

0.098 

0.011 

0.091 

0.022 

0.118 

0.01 

0.075 

0.035 

0.065 

0.066 

0.028 

0.003 

0-071 

0.033 

0.091 

0.075 


0.031 


0.115 

0.004 

0.076 

0.007 

0.091 

0.027 

0.079 

0.036 

0.21 

0.07 

0.097 

0.04 

0.096 

0.032 

0.146 

0.031 

0.287 

0.054 


0.082 0.005 

0.076 0.012 

0.115 0.031 

0.108 0 .034 

’ 0.003 0.025 

0.131 0.0A3 

0.085 0.02 


0.054 0.003 
0.08 0.005 

0.097 0.03 
0.088 0.029 
0.1H 0.025 
0.047 0.014 
0.099 0.021 
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IN-LINE 


SHOT NO. 

TEST NO. 

BACKUALL 

BACKUALL EQ 

BACKUALL 

BACKUALL 

BACKUALL 

HOLE 

1 

HOLE 2 

HOLE 3 



PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 

SPALL AREA 

DIA 1 

01A 2 

DIA 1 DIA 2 

DIA 1 DIA 2 




(IN) 

(SO. IN.) 


(SQ. IN.) 

(IN) 

(IN) 

(IN) (IN) 

(IN) (IN) 

965 

3001 

NO 


0.0 

NO 






798 

3001 -A 

NO 


0.0 

NO 






799 

3001 -B 

NO 


0.0 

NO 






800 

3001 -C 

NO 


0.0 

NO 






801 

3001-0 

NO 


0.0 

NO 






802 

3001 -E 

NO 


0.0 

NO 






803 

3002-A 

NO 


0.0 

NO 






804 

3002-B 

NO 


0.0 

NO 






806 

3002- C 

NO 


0.0 

NO 






963 

3003 

YES 

0.275 

0.785 

NO 


0.275 




964 

3004 

NO 


3.976 

NO 






807 

3004-A 

YES 

PINHOLE 

0.0 

NO 






810 

3004-B 

YES 

0.102 

1.496 

NO 


0.139 

0.075 



808 

3005 -A 

YES 

0.215 

5.94 

NO 


0.291 

0.145 

0.099 0.042 


811 

3005-8 

NO 


1.227 

NO 






812 

3006-A 

YES 

0.658 

5.94 

NO 


0.558 

0.775 



818 

3007-A 

NO 


0.0 

NO 






819 

3007-B 

NO 


0.246 

NO 






820 

3007- C 

NO 


0.0 

NO 






821 

3008-A 

NO 


2.087 

NO 






822 

3008 -B 

YES 

0.124 

5.391 

NO 


0.139 

0.11 



823 

3009-A 

YES 

PINHOLE 

3.56 

NO 






824 

3009- B 

NO 


5.391 

NO 






813 

3010-A 

HO 


0.0 

NO 






814 

3010-B 

NO 


0.0 

NO 






eis 

3010-C 

NO 


0.0 

NO 






816 

3010-1 -A 

NO 


0.0 

NO 






817 

3010- 1 -B 

NO 


0.0 

HO 






826 

3011 -A 

NO 


0.0 

NO 






825 

3031 -B 

NO 


0.0 

NO 






827 

3012-1 

YES 

0.286 

0.196 

NO 


0.258 

0.318 



829 

301 2-C 

NO 


2.405 

NO 






828 

3012-D 

NO 


2.405 

NO 






830 

3013-A 

YES 

2.25 

4.909 

NO 






831 

301 7-A 

NO 


0.0 

NO 






832 

3017-1 

YES 

0.117 

4.909 

NO 


0.142 

0.096 



833 

3017-C 

NO 


4.449 

NO 






876 

3019-A 

NO 


0.0 

MO 


• 




877 

3019-B 

NO 


0.0 

NO 






844 

3020-A 

NO 


0.0 

NO 






834 

3020- B 

NO 


0.0 

NO 







DIA 1 

CRATER 1 
DIA 2 

DEPTH 

DIA 1 

CRATER 2 
01A 2 

DEPTH 

DIA 1 

CRATER 3 
01 A 2 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 


0.073 

0.271 

0.173 

0.367 

0.128 

0.1U 

0.133 

0.258 

0.334 

0.177 

0.195 

0.29 


0.049 

0.211 

0.118 

0.305 

0.092 

0.084 

0.093 

0.145 

0.226 

0.09 

0.148 

0.21 


0.015 

0.085 

0.081 

0.14 

0.125 

0.086 

0.025 

0.038 

0.076 

0.05 

0.122 

0.16 


0.053 

0.162 

0.135 

0.059 

0.151 

0.128 

0.14 

0.058 

0.125 

0.07 

0.269 

0.104 


0.04 

0.108 

0.106 

0.038 

0.11 

0.085 

0.095 

0.037 

0.099 

0.051 

0.235 

0.067 


0.011 

0.048 

0.063 

0.06 

0.04 

0.094 

0.055 

0.006 

0.006 

0.008 

0.058 

0.036 


0.076 

0.128 

0.138 

0.073 

0.113 

0.124 

0.06 


0.08 

0.28 

0.103 


0.046 

0.113 

0.099 

0.054 

0.092 

0.088 

0.042 


0.046 

0.214 

0.075 


0.049 

0.08 

0.003 






0.165 

0.118 

0.095 

0.135 

0.109 

0.091 

0.144 

0.112 

0.152 

0.167 

0.112 

0.236 

0.152 

0.08 

0.195 

0.139 

0.135 

0.098 

0.032 

0.099 

0.058 

0.025 



0.052 

0.045 

0.023 ' 

0.081 

0.051 

0.014 

0.066 

0.056 

0.157 

0.121 

0.02 

0.091 

0.075 

0.015 

0.139 

0.103 


DEPTH 

(IN) 


0.006 

0.039 

0.052 

0.011 

0.026 

0.055 

0.015 


0.002 

0.158 

0.015 


0.045 

0.108 


0.005 

0.006 
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*«i no. i£tr no. 


845 

3021 -A 

836 

3022-A 

835 

3022 -B 

842 

3022-C 

843 

3022-0 

840 

3023 -A 

839 

3023 -B 

841 

3024-8 

847 

3027-A 

846 

3028-A 

848 

3029-C 

849 

3030-A 

851 

3031-8 

850 

3031 -C 

852 

3033-A 

853 

3033 -B 

869 

3033-C 

854 

3034 -A 

855 

3034-B 

856 

3034 -C 

863 

3035 -A 

864 

3035-B 

857 

3036-A 

858 

3036-8 

861 

3037-A 

870 

3038-A 

871 

3038 -B 

866 

3039- A 

867 

3039*8 

868 

3039-C 

865 

3040-A 


•*« Pl*tt HCK.C 
Ml* OtUUC 

(>•> <l«) 

0.454 0.454 

■ACKVALl 

PE8FOAATCO? 

•ACKVALl EO 
HOtE DIAMETER 
(IN) 

•*«w»u 

o*»«ce MU 
<K>. I«.) 

UCKVAU. 

smuip? 

8ACKUALL 
WALL AREA 
(SO. IN.) 

HOLE 1 
CIA 
UN) 

■' normal 
hole 2 

OIA 

UN) 

HOLE 

OIA 

UN) 

J W»T£« ( 

•1* DEPTH 

<l«> (IH) 

0.299 

0.337 



7.069 

NO 







0.331 

0.372 



1.227 

NO 







0.362 

0.413 



1.496 

NO 





0.112 

0.008 

0.385 

0.438 



3.142 

NO 







0.54 

0.627 



2.405 

NO 





0. 106 

0.025 

0.542 

0.609 

HO 


0.0 

NO 





0.095 

0.024 

0.661 

0.722 

NO 


0.0 

NO 







0.554 

0.694 



0.0 

NO 







0.67 

0.829 



4.909 

NO 







0.372 

0.435 



10.292 

NO 





0.058 

0.028 

0.422 

0.922 



6.514 

NO 





0.087 

0.013 

0.528 

0.922 



14.186 

NO 





0.073 

0.01 

0.627 

1.11 

NO 


11.045 

NO 





0.188 

0.04 

0.469 



12.566 

NO 





0.192 

0.071 

0.466 

0.466 

NO 

THRUCRACK 

10.292 

NO 





0.21 

0.051 

0.556 



8.296 

NO 





0.189 

0.125 

0.622 

0.563 

0.657 

0.424 

0.622 

0.563 

0.657 

0.523 

TES 

NO 

NO 

THRUCRACK 

0.866 

0.926 

5.75 

10.292 

14.999 

14.186 

24.806 

NO 

NO 

NO 

NO 


0.866 

0.249 

5.75 

0.18 


0.13 

0.174 

0.119 

0.123 

0.06 

0.085 

0.075 

0.066 

0.462 

0.551 

0.574 

0.657 

NO 

thrucrack 

8.296 

3.53 

NO 

NO 





0.149 

0.105 

0.064 

0.061 

0.6 

0.752 



5.94 

NO 





0.149 

0.138 

0.722 

0.852 



2.087 

NO 





0.158 

0.096 

0.379 

0.691 




NO 





0.128 

0.042 

0.431 

0.705 



11.824 

NO 





0.042 

0.004 

0.514 

0.819 



7.069 

NO 





0.202 

0.032 

0.473 

0.738 



12.566 

NO 





0.162 

0.029 

0.524 

0.866 


0.249 

0.224 

11.824 

NO 





0.138 

0.047 

0.641 

1.085 

TES 

9.621 

15.904 

NO 

NO 


0.166 

0.165 


0.232 

0.154 

0.072 







0.11 

0.195 


0.154 

0.135 


CM I* l 
01* DfPIH 

(■»> (l«> 


0.089 0.014 

0.08 0.019 


0.054 o.oo? 

•Ml 0.015 

••1 0.002 

0-17 0.071 

0-152 0.058 

°-17 0.085 

0.142 0.105 

0.148 0.049 

0.154 0.021 

0.124 0.085 

0.109 0.075 

0.114 0.045 

0.097 0.024 

0.124 0.047 

0.122 0.055 

0.085 0.02 

0-057 0.007 

0.124 0.021 

0-125 0.014 

0-225 0.052 

0.194 o.047 

0.157 0.05 

0.184 o.08 


CMTM 5 

O'* depth 

<l»> a,, 


0.099 

0.037 

0.07 

0.01 


0.047 

0.002 

0.042 

0.005 

0.129 

0.02 

0.177 

0.042 

0.147 

0.055 

0.23 

0.095 

0.127 

0.03 

0.094 

0.024 

0.087 

0.042 

0. 158 

0.057 

0.093 

0.05 

0.12 

0.026 

0.118 

0.024 

0.101 

0.038 

0.078 

0.044 

0.151 

0.009 

0.118 

0.015 

0.206 

0.03 

0.211 

0.046 

0.184 

0.052 

0.146 

0.065 
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SHOT NO. TEST NO. BACKUAll BACKWAll EQ BACKUAll IACICUAU BACKUALL HOLE 1 

PERFORATED? HOU DIAMETER DAMAGE AREA SPALLED? SPALL AREA DIA 1 OIA 2 
(IN) (SO. IN.) (SO. IN.) (IN) (fN) 


MOLE 2 

DIA 1 DIA 2 

(IN) (IN) 


HOLE 3 

OIA 1 OIA 2 

(IN) (IN) 


845 

3021 -A 

NO 


0.0 

NO 

836 

3022-A 

NO 


1.003 

NO 

835 

3022-1 

NO 


2.405 

NO 

842 

3022 -C 

res 

0.232 

2.087 

NO 

843 

3022 -D 

YES 

0.17 

2.243 

NO 

840 

3023 -A 

NO 


3.142 

NO 

839 

3023 -B 

YES 

PINHOIE/THRUCRA 

7.694 

NO 

841 

3024 -B 

YES 

1.837 

37.068 

NO 

847 

3027-A 

YES 

0.036 

3.142 

NO 

646 

3028 -A 

YES 

1.2 

6.469 

NO 

848 

3029- C 

NO 


2.405 

NO 

849 

3030 -A 

NO 


0.0 

HO 

851 

3031 -a 

NO 


0.108 

NO 

8S0 

3031-C 

NO 


7.694 

NO 

852 

3033-A 

NO 


0.0 

NO 

853 

3033-8 

NO 


0.0 

NO 

869 

3033-C 

NO 


0.0 

NO 

854 

3034-A 

NO 


0.0 

NO 

855 

3034-B 

NO 


0.0 

NO 

656 

3034- C 

NO 


0.0 

NO 

863 

3035 -A 

YES 

0.189 

2.746 

NO 

864 

3035-8 

NO 


4.412 

NO 

857 

3036-A 

YES 

0.392 

4.449 

NO 

858 

3036- B 

NO 


3.733 

HO 

861 

3037-A 

YES 

0.081 

4.909 

NO 

870 

3038 -A 

NO 


0.0 

NO 

871 

3038-B 

NO 


0.0 

NO 

866 

3039-A 

NO 


0.0 

NO 

867 

3039- • 

NO 


0.0 

NO 

668 

3039- C 

NO 


0.0 

NO 

865 

3040-A 

NO 


0.0 

NO 


0.245 0.22 

0.18 0.124 0.11 0.059 


1.837 

0.036 

1.2 


0.212 0.169 

0.339 0.369 0.17 0.17 

0.07 0.093 


OIA 1 

CRATER 1 
DIA 2 

DEPTH 

OIA 1 

CRATER 2 
DIA 2 

OEPTK 

OIA 1 

CRATER 3 
DIA 2 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 


0.178 

0.112 

0.057 

0.141 

0.077 

0.036 

0.09 

0.11 

0.045 

0.278 

0.257 

0.09 

0.125 

0.098 

0.038 

0.10S 

0.069 

0.01 

0.128 

0.097 

0.026 

0.172 

0.135 

0.09 

0.112 

0.098 

0.028 

0.099 

0.083 

0.045 

0.096 

0.066 

0.0421 

0.101 

0.079 

0.046 

0.142 

0.119 

0.075 

0.078 

0.11 

0.065 

0.131 

0.106 

0.123 

0.256 

0.202 

0.14 

0.186 

0.167 

0.105 

0.139 

0.11 

0.069 

0.145 

0.099 

0.056 

0.088 

0.068 

0.039 

0.156 

0.114 

0.067 

0.163 

0.137 

0.101 

0.155 

0.128 

0.063 

0.165 

0.135 

0.107 

0.255 

0.2 

0.075 

0.133 

0.101 

0.032 

0.208 

0.123 

0.104 

0.158 

0. t29 

0.048 

0.113 

0.107 

0.026 

0.09 

0.112 

0.043 

0.212 

0.133 

0.015 







0.09 

0.066 

0.012 

0.064 

0.09 

0.007 

0.131 

0.114 

0.008 


0.078 

0.07 

0.02 

0.084 

0.079 

0.026 

0.064 

0.056 

0.024 

0.121 

0.099 

0.026 

0.076 

0.099 

0.023 

0.086 

0.066 

0.01 

0.198 

0.164 

0.133 

0.124 

0.111 

0.055 

0.156 

0.128 

0.073 

0.145 

0.129 

0.063 

0.13 

0.111 

0.034 

0.14 

0.089 

0.038 

0.15 

0.125 

0.036 

0.112 

0.107 

0.085 

0.129 

0.114 

0.086 
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NORMAL 


SHOT NO. TEST NO. 

BUNPER PLATE HOLE 

BACKUALL 


DMIN 

DMAX 

PERFORATED? 


(IN). 

(IN) 


1212 3101-A 

0.357 

0.357 

NO 

1213 3101-B 

0.405 

0.405 

NO 

1214 3101-C 

0.371 

0.371 

NO 

1215 3102-A 

0.461 

0.461 

NO 

1217 3102-B 

0.471 

0.471 

YES 

1218 3102-C 

0.489 

0.489 

NO 

1219 3102-D 

0.482 

0.482 

YES 

1220 3102-E 

0.475 

0.475 

NO 

1221 3103-A 

0.6 

0.6 

NO 

1222 3103-B 

0.604 

0.604 

YES 

1223 3103-C 

0.62 

0.62 

YES 

1224 3103-D 

0.609 

0.609 

YES 

1225 3103-E 

0.626 

0.626 

YES 

1226 310S-A 

0.497 

0.659 

NO 

1228 3105-B 

0.487 

0.621 

NO 

874 3120-A 

0.398 

0.398 

YES 

875 3120-B 

0.436 

0.436 

YES 

872 3121-A 

0.462 

0.462 

YES 

873 3121-B 

0.463 

0.463 

YES 

890 3122-A 

0.428 

0.568 

NO 

895 3122-B 

0.359 

0.484 

NO 

900 3122-C 

0.339 

0.454 

NO 

901 3122-0 

0.351 

0.468 

NO 

888 3123-A 

0.438 

0.6116 

NO 

889 3123-8 

0.393 

0.606 

NO 

884 3124-A 

0.58 

0.679 

NO 

885 3124-B 

0.523 

0.784 

NO 

886 3124-C 

0.514 

0.719 

NO 

882 3128-A 

0.362 

0.362 

YES 

883 3128-B 

0.38 

0.38 

NO 

880 3129-A 

0.454 

0.454 

YES 

881 3129-B 

0.464 

0.464 

YES 

878 3130-A 

0.608 

0.608 

NO 

879 3130-A 

0.559 

0.559 

YES 

902 3131 -A 

0.382 

0.501 

NO 

903 3131 -B 

0.37 

0.486 

NO 

918 3131-C 

0.362 

0.455 

NO 

915 3132-A 

0.514 

0.667 

NO 

916 3132-B 

0.556 

0.694 

NO 

917 3132-C 

0.543 

0.682 

NO 

904 3133-A 

0.598 

0.76 

NO 

910 3133-B 

0.626 

0.819 

NO 

911 3133-C 

0.641 

0.83 

NO 

914 3133-0 

0.642 

0.818 

NO 


BACKUALL EQ 

BACKUALL 

BACKUALL 

hole diameter damage area 

SPALLED? 

(IN) 

(SQ. IN.) 



3.98 

NO 


6.51 

NO 


7.07 

NO 


9.62 

NO 

0.176 

4.41 

NO 


7.69 

NO 

0.31 

4.91 

YES 


5.94 

NO 


12.57 

YES 

0.186 

12.57 

YES 

0.325 

7.07 

YES 

0.237 

7.07 

YES 

THRUCRACK 

9.62 

YES 


7.07 

NO 


4.41 

NO 

0.228 

16.403 

NO 

0.092 

47.173 

NO 

0.089 

33.183 

NO 

0.515 

42.776 

no 



NO 


8.296 

NO 


15.904 

NO 


16.331 

NO 


6.469 

NO 



NO 


33.183 

NO 


11.045 

NO 


0 

NO 

0.204 

37.828 

NO 


38.485 

NO 

0.361 

42.776 

NO 

0.268 

39.815 

NO 


67.201 

NO 

0.407 

38.48S 

NO 


54.367 

NO 


17.721 

NO 


9.621 

NO 


11.045 

NO 


19.635 

NO 


9.621 

NO 


21.237 

NO 


24.806 

NO 


16.764 

NO 


8.296 

NO 


BACKUALL 
SPALL AREA 
(SQ. IN.) 

HOLE 1 
DIA 
(IN) 

HOLE 2 
DIA 
(IN) 

HOLE 3 
OTA 
(IN) 

CRATER 

OIA 

(IN) 





0.206 





0.167 





0.14 


0.176 



0.603 

0.201 

0.38 

0.194 

0.31 


0.243 

0.49 




0.12 

0.65 

0.186 




0.17 

THRUCRACK 




0.48 

0.237 




0.36 






1 

CRATER 

2 

CRATER 

3 

OEPTH 

DIA 

DEPTH 

DIA 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

0.143 

0.196 

0.125 

0.163 

0.045 

0.068 

0.092 

0.035 

0.137 

0.049 

0.04 

0.11 

0.05 



0.163 





0. 137 

0.16 

0.118 

0.188 

0.115 

0.136 

0.216 

0.126 

0.175 

0.086 

0.129 

0.166 

0.09 

0.193 

0.095 


0.171 

0.124 

0.086 

0.207 

0.135 

0.151 

0.075 

0.153 

0.08 

0.092 



0.11 

0.055 

0.078 

0.051 

0.09 

0.02 

0.082 

0.035 


0.141 

0.065 

0.168 

0.077 

0.146 

0.063 

0.431 

0.201 

0.162 

0.162 

0.093 

0.145 

0.075 

0.129 

0.111 




0.11 

0.029 

0.088 

0.023 

0.041 

0.003 




0.148 

0.037 

0.118 

0.044 

0.11 

0.029 




0.147 

0.048 

0.104 

0.049 

0.106 

0.034 




0.062 

0.024 

0.055 

0.019 

0.035 

0.005 




0.107 

0.052 

0.094 

0.032 

0.073 

0.018 




0.093 

0.009 

0.074 

0.005 

0.034 

0.001 


0.204 



0.104 

0.015 

0.181 

0.052 

0.112 

0.04 




0.155 

0.099 

0.126 

0.025 

0.094 

0.026 

0.198 

0.125 

0.175 

0.194 

0.061 

0.155 

0.04 

0.118 

0.047 

0.228 

0.138 

0.031 

0.138 

0.042 

0.151 

0.054 

0.111 

0.067 




0.167 

83 

0.197 

0.061 

0.182 

0.05 

0.166 

0.28 

0.226 

0.211 

1 

0.108 

0.151 

0.079 

0.186 

0.107 




0.136 

0.04 

0.139 

0.015 

0.114 

0.017 




0.19 

0.056 

0.17 

0.04 

0.133 

0.029 




0.148 

0.028 

0.103 

0.005 

0.133 

0.01 




0.2 

0.055 

0.107 

0.043 

0.088 

0.02 




0.132 

0.024 

0.075 

0.026 

0.112 

0.021 




0.096 

0.046 

0.079 

0.021 

0.117 

0.012 




0.178 

0.05 

0.148 

0.025 

0.1 

0.025 




0.085 

0.02 

0.098 

0.022 

0.091 

0.026 




0.171 

0.063 

0.075 

0.014 

0.059 

0.016 




0.086 

0.015 

0.05 

0.025 

0.13 

0.032 
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IN-LINE 


SHOT NO. TEST NO. 


BACKWALL 

PERFORATED? 


BACKWALL EQ BACtCUALL BACKUALL BACKUALL 
HOLE DIAMETER DAMAGE AREA SPALLED? SPALL AREA 
(IN) (SO. IN.) (SO. IN.) 


HOLE 1 

DIA 1 DIA 2 
(IN) (IN) 


HOLE 2 HOLE 3 

DIA 1 DIA 2 DIA 1 DIA 2 

(IN) (IN) (IN) (IN) 


1212 

3101-A 



1213 

3101-1 



1214 

3101-C 



1215 

3102-A 



1217 

3102-B 



1218 

3102-C 



1219 

3102-D 



1220 

3102-E 



1221 

3103-A 



1222 

3103-8 



1223 

3103-C 



1224 

3103-D 



1225 

3103-E 



1226 

3105-A 

NO 


1228 

3105-B 

NO 


874 

3120-A 



875 

3120-1 



872 

3121-A 



873 

3121-B 



890 

3122-A 

NO 


895 

3122-B 

NO 


900 

3122-C 

YES 

0.289 

901 

3122-D 

NO 


888 

3123-A 

YES 

0.331 

889 

3123-B 

YES 

0.233 

884 

3124-A 

YES 

0.718 

885 

3124-B 

YES 

0.674 

886 

3124-C 

YES 

0.66 

882 

3128-A 



883 

3128-B 



880 

3129-A 



881 

3129-1 



878 

3130-A 



879 

3130-A 



902 

3131 -A 

NO 


903 

3131 -B 

NO 


918 

3131 -C 

NO 


915 

3132-A 

YES 

0.234 

916 

3132-B 

NO 


917 

3132-C 

YES 

0.134 

904 

3133-A 

YES 

0.636 

910 

3133-B 

YES 

0.297 

911 

3133-C 

YES 

0.422 

914 

3133-D 

YES 

0.518 


3.14 NO 

2.41 NO 


6.514 

NO 


39.927 

NO 


5.147 

NO 

0.301 

0.694 

NO 


47.173 

NO 

0.376 

37.068 

NO 

0.255 

19.635 

NO 

0.693 

17.721 

NO 

0.368 

13.332 

NO 

0.181 


9.621 

NO 


4.909 

NO 


9.624 

NO 


33.183 

NO 

0.237 

7.645 

NO 


44.179 

NO 

0.149 

38.485 

NO 

0.367 

22.732 

NO 

0.107 

11.045 

NO 

0.261 

38.485 

NO 

0.105 


0.277 





0.291 





0.179 

0.108 

0.088 



0.744 





0.298 

0.411 

0.682 

0.261 

0.201 

0.077 

0.255 

0.136 

0.159 

0.126 


0.231 


0.12 


0.206 

0.429 

0.275 

0.412 

0.3 

0.098 

0.286 

0.271 



0.31 

0.18 

0.252 

0.25 

0.208 

0.071 

0.358 

0.628 

0.205 

0.174 


DIA 1 

CRATER 1 
DIA 2 

DEPTH 

DIA 1 

CRATER 2 
DIA 2 

DEPTH 

DIA 1 

CRATER 3 
DIA 2 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 


0.336 

0.259 

0.137 

0.321 

0.226 

0.176 

0.289 

0.298 

0.136 

0.285 

0.285 

0.078 

0.18 

0.18 

0.053 

0.238 

0.238 

0.072 


0.141 

0.134 

0.025 

0.053 

0.033 

0.002 




0.18 

0.137 

0.048 

0.212 

0.16 

0.04 

0.12 

0.07 

0.057 

0.211 

0.108 

0.011 

0.246 

0.115 

0.029 

0.192 

0.154 

0.048 

0.218 

0.138 

0.065 

0.184 

0.115 

0.059 

0.28 

0.186 

0.048 

0.387 

0.227 

0.121 

0.212 

0.224 

0.087 

0.273 

0.196 

0.055 

0.235 

0.161 

0.117 

0.22 

0.193 

0.047 

0.197 

0.095 

0.053 

0.124 

0.11 

0.034 

0.289 

0.213 

0.095 

0.224 

0.212 

0.12 

0.2 

0.159 

0.065 

0.176 

0.143 

0.108 

0.177 

0.16 

0.087 

0.165 

0.122 

0.07 

0.229 

0.112 

0.042 

0.144 

0.087 

0.035 


0.358 

0.306 

0.204 

0.347 

0.055 

O.lt 

0.125 

0.075 

0.011 

0.1 IS 

0.091 

0.015 

0.338 

0.284 

0.039 

0.193 

0.122 

0.007 

0.129 

0.087 

0.003 

0.208 

0.189 

0.086 

0.279 

0.198 

0.042 

0.254 

0.189 

0.064 

0.224 

0.238 

0.099 

0.159 

0.119 

0.039 

0.151 

0.079 

0.024 

0.241 

0.279 

0.11 

0.227 

0.212 

0.105 

0.175 

0.268 

0.126 

0.245 

0.176 

0.055 

0 213 

0.16 

0.053 

0.206 

0.261 

0.109 

0.236 

0.18 

0.071 

0.248 

■ * 

0.076 

0.194 

0.151 

0.075 

0.242 

0.203 

0.076 

0.522 

u ; > 

0.098 

0.206 

0.12 

0.031 

0.188 

0.208 

0.08 

0.238 

0.196 

0.065 

0.282 

0.211 

0.128 
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SHOT NO. 

TEST NO. 

BUMPER PLATE 

HOLE 



DMIN 

DHAX 



(IN) 

(IN) 

966 

3202 

0.424 

0.424 

1010 

3202-A 

0.682 

0.682 

1011 

3202- B 

0.637 

0.637 

1012 

3202-C 

0.724 

0.724 

967 

3205 

0.489 

0.489 

969 

3206 

0.54 

0.54 

970 

3207 

0.442 

0.552 

971 

3208 

0.387 

0.777 

972 

3209 

0.451 

0.798 

983 

3209-1 

0.44 

0.873 

974 

3210 

0.448 

0.982 

973 

3211 

0.46 

0.797 

975 

3212 

0.492 

0.922 

982 

3212-1 

0.505 

1.018 

976 

3213 

0.512 

1.047 

977 

3214 

0.513 

0.978 

978 

3215 

0.575 

1.06 

980 

3216 

0.568 

1.033 

979 

3217 

0.548 

1.057 

981 

3218 

0.55 

1.101 

984 

3220-A 

0.474 

0.474 

985 

3220-B 

0.466 

0.466 

986 

3221-A 

0.386 

0.386 

987 

3221-B 

0.381 

0.381 

988 

3222-A 

0.308 

0.308 

991 

3223-A 

0.595 

0.595 

990 

3224-A 

0.486 

0.486 

989 

3224-B 

0.521 

0.521 

992 

3225 

0.493 

0.493 

993 

3225-A 

0.483 

0.483 

1009 

3225 -C 

0.587 

0.587 

995 

3226-A 

0.618 

0.618 

994 

3226 -B 

0.638 

0.638 

996 

3226-C 

0.638 

0.638 

997 

3227-A 

0.696 

0.696 

1002 

3227-B 

0.645 

0.645 

998 

3227-C 

0.654 

0.654 

1000 

3227-D 

0.674 

0.674 


BACICUALL 

BACICUALL EQ 

BACKUALL 

PERFORATED? 

HOLE DIAMETER DAMAGE AREA 


(IN) 

(SO. IN.) 

NO 


4.909 

YES 

0.298 

3.14 

YES 

0.51 

8.29 

YES 

0.506 

9.62 

NO 


7.645 

YES 

0.236 

3.142 

NO 


0.785 

NO 


9.621 

NO 


11.763 

NO 


9.621 

NO 


5.94 

NO 


22.648 

NO 


17.721 

NO 


9.621 

NO 


13.396 

NO 


9.621 

NO 


11.824 

NO 


5.433 

NO 


4.909 

NO 


3.53 

YES 

0.073 

30.68 

YES 

0.23 

29.513 

YES 

0.336 

8.973 

YES 

0.299 

12.566 

YES 

0.111 

17.721 

NO 


45.723 

YES 

0.115 

47.173 

NO 


41.282 

YES 

7.79 

88.748 

YES 

6.63 

34.524 

NO 


54.19 

YES 

0.187 

88.581 

YES 

0.624 

35.785 

NO 


48.769 

YES 

8.5 

88.748 

YES 

3.742 

48.645 

NO 


51.912 

YES 

2.387 

11.045 


BACICUALL 

SPALLED? 


NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

NO 

YES 

NO 

NO 

NO 

YES 

NO 

NO 

NO 

NO 

YES 

NO 

YES 

NO 

NO 

NO 

NO 


BACKUALL 

HOLE 1 

normal 
HOLE 2 

HOLE 3 

SPALL AREA 

DIA 

DIA 

DIA 

(SO. IN.) 

(IN) 

(IN) 

(IN) 


0.298 

0.806 

0.506 

0.183 

0.081 

0.097 


0.008 

0.066 

0.031 



0.161 

0.144 

0.078 

0.052 

0.064 

0.183 

0.24 


0.094 

0.16 

0.108 


0.111 



0.007 

0.115 




7.79 




6.63 



0.089 

0.11 

0.12 

0.092 


0.24 

0.281 

0.425 

0.006 

8.5 




3.742 




2.382 

0.149 



CRATER 1 

CRATER 

2 

CRATER 

3 

DIA 

DEPTH 

DIA 

DEPTH 

DIA 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

0.032 

0.003 





0.056 

0.05 

0.096 

0.034 

0.082 

0.032 

0.069 

0.025 

0.048 

0.014 

0.082 

0.034 

0.129 

0.064 

0.077 

0.065 

0.091 

0.035 

0.13 

0.035 

0.059 

0.004 

0.075 

0.021 

0.07 

0.005 

0.104 

0.008 

0.125 

0.004 

0.166 

0.058 

0.117 

0.042 

0.107 

0.05 

0.126 

0.035 

0.228 

0.06 

0.133 

0.033 

0.149 

0.03 

0.125 

0.033 

0.105 

0.014 

0.105 

0.026 

0.152 

0.027 

0.163 

0.025 

0.157 

0.032 

0.16 

0.027 

0.205 

0.025 

0.115 

0.047 

0.123 

0.036 

0.134 

0.008 

0.147 

0.075 

0.162 

0.067 

0.165 

0.038 

0.171 

0.062 

0.122 

0.059 

0.159 

0.055 

0.162 

0.096 

0.187 

0.065 

0.111 

0.088 

0.254 

0.125 

0.15S 

0.065 

0.132 

0.062 

0.178 

0.134 

0.155 

0.048 

0.158 

0.056 

0.183 

0.045 

0.154 

0.056 

0.186 

0.05 

0.153 

0.077 

0.13 

0.106 

0.149 

0.076 

0.141 

0.063 

0.113 

0.073 

0.103 

0.062 

0.126 

0.065 

0.171 

0.104 

0.205 

0.085 

0.188 

0.077 

0.2 

0.136 

0.09 

0.05 

0.113 

0.053 

0.124 

0.055 

0.156 

0.05 

0.175 

0.07 

0.119 

0.058 

0.153 

0.042 

0.199 

0.1 

0.181 

0.067 

0.16 

0.063 

0.099 

0.039 

0.13 

0.037 

0.137 

0.032 

0.11 

0.053 

0.138 

0.065 

0.196 

0.056 

0.221 

0.0085 

0.1177 

0.082 

0.139 

0.069 

0.157 

0.124 

0.063 

0.055 

0.064 

0.026 

0.18 

0.126 

0.152 

0.061 

0.259 

0.13 

0.173 

0.125 

0.157 

0.066 

0.17 

0.075 

0.178 

0.052 

0.226 

0.077 

0.157 

0.063 

0.148 

0.072 

0.16 

0.065 

0.1 

0.066 

0.147 

0.045 

0.166 

0.075 

0.134 

0.096 

0.132 

0.037 

0.125 

0.06 

0.188 

0.059 
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IN-LINE 


NO. 

TEST NO. 

BACKUALL 

BACKUALL EQ 

BACKUALL 

BACKUALL 

BACKUALL 

HOLE 

1 

HOLE 2 

HOLE 3 


CRATER 1 



CRATER 2 



CRATER 3 




PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLS)? 

SPALL AREA 

DIA 1 

DIA 2 

DIA 1 DIA 2 

DUk 1 

DIA 2 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 




(IN) 

CSQ. IN.) 


(SQ. IN.) 

(IN) 

(IN) 

(IN) (IN) 

<«) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

ON) 

(IN) 

(IN) 

966 

3202 




















1010 

3202 -A 




















1011 

3202-B 




















1012 

3202-C 




















967 

3205 




















969 

3206 




















970 

3207 

YES 

0.453 

2.747 

NO 


0.512 

0.4 




0.111 

0.102 

0.038 

0.149 

0.1 

0.03 

0.175 

0.092 

0.08 

971 

3208 

NO 


1.227 

NO 







0.232 

0.181 

0.017 

0.322 

0.22 

0.01 




972 

3209 

NO 


2.061 

NO 







0.172 

0.14 

0.027 

0.17 

0.096 

0.013 




983 

3209-1 

NO 


11.763 

NO 







0.164 

0.153 

0.029 

0.238 

0.145 

0.02 




974 

3210 

NO 


7.645 

NO 







0.174 

0.161 

0.034 

0.186 

0.133 

0.039 

0.15 

0.127 

0.045 

973 

3211 

NO 


0.302 

NO 
















975 

3212 

YES 

0.161 

0.785 

NO 


0.151 

0.172 




0.145 

0.074 

0.023 







982 

3212-1 

YES 

0.28 

2.405 

NO 


0.283 

0.276 




0.175 

0.124 

0.01 

0.175 

0.119 

0.008 

0.081 

0.052 

0.01 

976 

3213 

NO 


3.53 

NO 







0.49 

0.3 

0.094 

0.266 

0.229 

0.07 

0.205 

0.128 

0.045 

9 77 

3214 

NO 


0.442 

NO 







0.394 

0.236 

0.068 

0.228 

0.142 

0.035 




978 

3215 

NO 


5.931 

NO 







0.356 

0.238 

0.105 

0.116 

0.079 

0.044 

0.147 

0.124 

0.058 

980 

3216 

NO 


3.976 

YES 

0.016 






0.321 

0.232 

0.08 

0.14 

0.096 

0.025 

0.132 

0.09 

0.028 

979 

3217 

NO 


3.976 

NO 







0.227 

0.192 

0.054 

0.242 

0.144 

0.057 

0.27 

0.148 

0.056 

981 

3218 

NO 


2.405 

NO 







0.298 

0.177 

0.041 

0.18 

0.152 

0.03 

0.162 

0.109 

0.025 


984 322Q-A 

985 3220-B 

986 3221 -A 

987 3221-8 

988 3222- A 

991 3223-A 

990 3224-A 

989 3224-8 

992 3225 

993 3225-A 

1009 3225-C 

995 3226-A 

994 3226-8 

996 3226- C 

997 3227-A 

1002 3227-8 

998 3227- C 

1000 3227-D 
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V 


* 


NORMAL 


SHOT NO. 

TEST NO. 

BUMPER PLATE 

HOLE 

BACKUALL 

BACKUAIL EO 

BACKUALL 

BACKUALL 

BACKUALL 

HOLE 1 

HOLE 2 

HOLE 3 

CRATER 

1 

CRATER 

2 

CRATER 

3 



DHIN 

DMAX 

PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 

SPALL AREA 

DIA 

DIA 

DIA 

DIA 

DEPTH 

DIA 

DEPTH 

DIA 

DEPTH 



(IN) 

(IN) 


(IN) 

(SG. IN.) 


(SQ. IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

1005 

3301-A 

0.485 

0.485 

YES 

0.173 

14.19 

NO 


0.113 

0.131 


0.115 

0.111 

0.192 

0.099 

0.137 

0.085 

1006 

301 -B 

0.485 

0.485 

YES 

0.566 

12.57 

NO 


0.566 



0.149 

0.063 

0.154 

0.067 

0.128 

0.073 

1007 

3301 -C 

0.548 

0.548 

NO 


7.07 

NO 





0.056 

0.062 

0.11 

0.094 

0.106 

0.063 

1008 

3301-0 

0.563 

0.563 

NO 


25.97 

NO 





0.116 

0.103 

0.123 

0.083 

0.072 

0.084 

1029 

3301 -£ 

0.51 

0.51 

THRUCRACKS 


11.95 

NO 





0.181 

0.125 

0.173 

0.175 

0.147 

0.125 

1030 

3302-E 

0.675 

0.675 

YES 

1.873 

28.27 

NO 


1.823 

0.281 

0.264 

0.144 

0.095 

0.086 

0.097 

0.111 

0.084 

10K 

3303-A 

0.472 

0.55 

NO 


4.91 

NO 





0.11 

0.032 

0.059 

0.02 

0.051 

0.017 

1015 

3303-B 

0.491 

0.532 

NO 


2.45 

NO 





0.074 

0.041 

0.069 

0.035 

0.051 

0.023 

1016 

3303-C 

0.455 

0.525 

NO 


0.594 

NO 





0.069 

0.03 

0.04 

0.017 

0.067 

0.028 

1021 

3303-D 

0.455 

0.506 

YES 

<■0625 

0.594 

NO 


<.0625 



0.2 

0.125 

0.08 

0.042 

0.071 

0.042 

1017 

3304-A 

0.592 

0.7 

NO 


3.97 

NO 











1018 

3304-B 

0.674 

0.79 

NO 


4.91 

NO 





0.056 

0.035 

0.14 

0.012 



1019 

3304 -C 

0.684 

0.761 

NO 


4.91 

NO 





0.072 

0.037 

0.083 

0.033 



1020 

3304-D 

0.687 

0.783 

NO 


3.24 

NO 











1025 

3305-A 

0.36 

0.36 

NO 


9.62 

NO 





0.192 

0.125 

0.18 

0.097 

0.122 

0.072 

1023 

3305-B 

0.39 

0.39 

NO 


5.94 

NO 





0.12 

0.07 

0.109 

0.054 

0.066 

0.035 

1024 

3305-C 

0.425 

0.425 

NO 


7.07 

NO 





0.089 

0.096 

0.114 

0.079 

0.296 

0.065 

1026 

3306-A 

0.5 

0.5 

NO 


8.04 

NO 





0.126 

0.025 

0.04 

0.048 

0.072 

0.085 

1031 

3306-B 

0.496 

0.496 

NO 


7.55 

NO 





0.059 

0.092 

0.015 

0.025 



1027 

3306-C 

0.507 

0.507 

YES 

0.185 

11.34 

YES 

<0.25 

0.175 

0.059 


0.119 

0.078 

0.064 

0.03 

0.098 

0.05 

1028 

3306 -D 

0.506 

0.506 

YES 

0.105 

7.55 

NO 


0.105 



0.153 

0.125 

0.112 

0.125 

0.111 

0.053 

1032 

3307-A 

0.375 

0.438 

NO 


3.14 

NO 





0.137 

0.044 





1033 

3307- B 

0.438 

0.563 

NO 


0.79 

NO 





0.099 

0.015 

0.109 

0.031 

0.09 

0.023 

1034 

3038 -A 

0.5 

0.594 

NO 


2.41 

NO 





0.084 

0.012 

0.093 

0.13 

0.112 

0.009 

1035 

3308 -B 

0.519 

0.652 

NO 


3.56 

NO 





0.174 

0.063 
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IN-LINE 


r no. 

TEST NO. 

BACKWALL 

BACKWALL EQ 

BACKWALL 

BACKWALL 

BACKWALL 

HOLE 1 



PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 

SPALL AREA 

DIA 1 

DIA 2 




(IN) 

(SO. IN.) 


(SQ. IN.) 

(IN) 

(IN) 

1005 

3301 -A 








1006 

301 -B 








1007 

3301 -C 








1008 

3301 -D 








1029 

3301 -E 








1030 

3302-E 








10U 

3303-A 

NO 


4.91 

NO 




1015 

3303-0 

NO 


2.45 

NO 




1016 

3303- C 

NO 


4.91 

NO 




1021 

3303-D 

NO 


3.98 

NO 




1017 

3304-A 

YES 

0.05 

3.14 

NO 


0.27 

0.209 

1010 

3304-0 

YES 

0.08 

4.91 

NO 


0.321 

0.389 

1019 

3304-C 

YES 

0.014 

5.94 

NO 


0.262 

0.271 

1020 

3304-D 

YES 

<.0625 

4.91 

NO 


PINHOLE 

PINHOLE 

1025 

3305 -A 








1023 

3305-0 




NO 




1024 

3305- C 








1026 

3306-A 








1031 

3306-0 








1027 

3306- C 








1028 

3306-0 








1032 

3307-A 

NO 


7.07 

NO 




1033 

3307-0 

NO 


2.06 

HO 




1034 

3038-A 

NO 


1.77 

NO 




1035 

3300- B 

YES 

0.408 

2.77 

YES 

0.04 

0.352 

0.23* 


HOLE 2 

HOLE 3 


CRATER 1 



CRATER 2 



CRATER 3 


DIA 1 

DIA 2 

DIA 1 

DIA 2 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

OEPTH 

DIA 1 

DIA 2 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

UN) 

(IN) 

(IN) 


0.132 0.2*3 0.27* 0.293 


0.242 

0.153 

0.125 

0.107 

0.099 

0.062 

0.144 

0.107 

0.07 

0.145 

0.193 

0.1 

0.111 

0.163 

0.104 

0.087 

0.121 

0.059 

0.091 

0.107 

0.125 

0.166 

0.15 

0.125 


0.11 

0.105 

0.075 

0.119 

0.087 

0.029 

0.072 

0.079 

0.061 

0.083 

0.08 

0.045 

0.117 

0.1*1 

0.106 

0.063 

0.132 

0.052 

0.053 

0.053 

0.086 

0.144 

0.181 

0.125 


0.08 

0.083 

0.03 

0.057 

0.055 

0.01 

0.085 

0.11 

0.045 

0.096 

0.129 

0.032 

0.116 

0.116 

0.058 

0.055 

0.098 

0.022 

0.071 

0.083 

0.032 

0.162 

0.276 

0.125 


0.214 

0 . 12 * 

0.155 

0.33* 0.2*2 0.056 0.056 0.329 


0.214 

0.045 

0.207 

0.182 

0.124 

0.014 

0.133 

0.09 

0.114 

.139 

0.208 

0.146 

0.202 

0.11 

0.235 

0.14 


0.039 

0.033 

0.214 

0.214 

0.045 

139 

0.196 

0.112 

0.084 

0.042 

0.229 

0.156 

0.076 


t ' 
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t 




SHOT NO. TEST NO. 


1140 

3401 -A 

1144 

3401 -B 

1139 

3401-C 

1138 

3401 -D 

1143 

3402-A 

1145 

3402-8 

1142 

3402-C 

1141 

3402-D 

1149 

3403-A 

1148 

3403-B 

1147 

3403-C 

1146 

3403-0 


1152 3404* 

1153 3404 -B 

1154 3404-C 

1156 3404-0 


1165 

3405-A 

1166 

3405-B 

1167 

3405-C 

1168 

3405 -D 

1161 

3406-A 

1162 

3406-B 

1163 

3406-C 

1164 

3406- D 

1169 

3406-01 

1160 

3407-A 

1159 

3407- B 

1158 

3407- C 

1157 

3407-0 


BUMPER PLATE HOLE 

BACKUALL 

DMIN 

DHAX 

PERFORATED? 

(IN) 

(IN) 


0.686 

0.686 

YES 

0.653 

0.653 

YES 

0.62 

0.62 

YES 

0.579 

0.579 

YES 

0.673 

0.673 

YES 

0.674 

0.674 

YES 

0.61 

0.61 

YES 

0.561 

0.561 

YES 

0.636 

0.636 

YES 

0.639 

0.639 

YES 

0.62 

0.62 

YES 

0.573 

0.573 

YES 

0.654 

0.654 

YES 

0.654 

0.654 

YES 

0.641 

0.641 

YES 

0.623 

0.623 

YES 

0.407 

0.407 

YES 

0.46 

0.46 

YES 

0.494 

0.494 

NO 

0.516 

0.516 

NO 

0.42 

0.42 

YES 

0.456 

0.456 

NO 

0.459 

0.459 

NO 

0.478 

0.478 

NO 

0.485 

0.485 

YES 

0.414 

0.414 

YES 

0.431 

0.431 

TES 

0.477 

0.477 

YES 

0.503 

0.503 

NO 


BACKUALL EQ 

BACKUALL 

BACKUALL 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 

(IN) 

(SQ. IN.) 


2.96 

8.3 

NO 

2.81 

7.07 

NO 

2.43 

8.97 

NO 

1.63 

8.3 

NO 

2.41 

7.07 

NO 

2.09 

7.07 

NO 

2.55 

7.07 

NO 

1.5 

8.97 

NO 

0.806 

16.76 

YES 

0.731 

18.7 

YES 

2.49 

15.9 

NO 

0.852 

14.19 

NO 

8 

50.27 

NO 

5.75 

25.97 

NO 

5.5 

23.76 

NO 

4.5 

15.9 

NO 

0.261 

5.39 

NO 

0.169 

8.92 

NO 


9.62 

NO 


8.97 

NO 

0.231 

4.91 

NO 


8.3 

NO 


10.29 

NO 


7.07 

NO 

0.265 

5.94 

NO 

0.445 

5.94 

NO 

0.638 

7.07 

NO 

0.109 

11.04 

NO 


15.9 

NO 


BACKUALL 
SPALL AREA 
(SO. IN.) 


0.67 

0.64 


HOLE 1 HOLE 2 
01* DIA 

<1N> (IN) 

6.87 
2.81 
2.43 
1.63 

2.4 
2.09 
2.55 

1.5 
0.806 
0.731 

2.49 

0.852 

8 

5.75 

5.5 

4.5 
0.261 
0.169 


0.231 


0.26 0.05 
0.445 
0.638 
0.109 


HOLE 3 CRATER 1 
01* DIA DEPTH 

(IH> (IH) (IN) 


CRATER 2 
BIA DEPTH 

(IH) (IN) 


CRATER 3 
OIA DEPTH 

(IN) (IN) 


0.151 

0.126 

0.073 

0.047 

0.12 

0.109 

0.056 

0.018 

0.119 

0.076 

0.195 

0.13 

0.181 

0.062 

0.198 

0.121 

0.16 

0.039 

0.149 

0.097 

0.167 

0.082 

0.076 

0.125 

0.047 

0.118 

0.119 

0.038 

0.115 

0.031 

0.129 

0.096 

0.164 

0.087 

0.214 

0.085 

0.169 

0.112 

0.158 

0.064 

0.132 

0.056 

0.124 

0.13d 

0.039 

0.109 

0.135 

0.136 

0.029 

0.107 

0.122 

0.03 
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NORMAL 


SHOT NO. 

TEST NO. 

BUMPER PLATE 

HOLE 

BACKVALl 

BACKVALL EQ 

BACKVALL 

BACKVALL 



DMIN 

DMAX 

PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 



(IN) 

(IN) 


(IN) 

<SQ. IN.) 


1042 

4001 -A 

0.535 

0.704 

NO 


3.56 

YES 

1040 

4001-B 

0.596 

0.755 

NO 


3.98 

NO 

1041 

4001 -C 

0.655 

0.851 

NO 


3.14 

NO 

1043 

4001 -D 

0.665 

0.81 

NO 


5.39 

NO 

1046 

4002-A 

0.46 

1.041 

NO 


5.49 

NO 

1044 

4002-B 

0.482 

1.057 

NO 


2.41 

NO 

1045 

4002- C 

0.533 

1.349 

YES 

0.162 

4.91 

NO 

1047 

4002-D 

0.571 

1.41 

NO 


7.07 

NO 

1056 

4002-E 

0.561 

1.191 

NO 


8.3 

NO 

1048 

4003-A 

0.519 

0.696 

NO 


7.07 

NO 

1049 

4003-B 

0.622 

0.795 

NO 


5.94 

NO 

1051 

4003 -C 

0.511 

0.674 

NO 


3.98 

NO 

1050 

4003-D 

0.617 

0.887 

NO 


NO DAMAGE 

NO 

1052 

4004-A 

0.427 

1.042 

NO 


7.07 

NO 

1053 

4004-B 

0.673 

1.366 

YES 

0.105 

7.69 

NO 

1054 

4004-C 

0.552 

1.315 

NO 


5.39 

NO 


BACKVALL 

HOLE 1 

HOLE 2 

HOLE 3 

CRATER 

1 

CRATER 2 

CRATER 3 

SPALL AREA 

DIA 

DIA 

DIA 

DIA 

DEPTH 

DIA 

DEPTH 

DIA 

DEPTH 

(SO. IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

0.25 




0.165 

0.024 

0.122 

0.018 

0.254 

0.015 





0.128 

0.043 

0.158 

0.015 

0.121 

0.023 





0.135 

0.027 

0.11 

0.03 

0.077 

0.019 


0.162 



0.197 

0.032 

0.223 

0.062 

0.243 

0.105 



0.18 

0.05 

0.104 

0.015 



0.105 

0.158 

0.034 

0.135 

0.053 

0.169 

0.058 


0.167 

0.1 

0.11 

0.125 

0.159 

0.073 


10T NO. 

TEST NO. 

BACKVALL 

BACKVALL EQ 

BACKVALL 

BACKVALL 

BACKVALL 

HOLE 

i 

HOLE 2 



PERFORATED? 

HOLE DIAMETER 

DAMAGE AREA 

SPALLED? 

SPALL 

AREA 

DIA 1 

OIA 2 

DIA 1 

OIA 2 




(IN) 

(SQ. IN.) 


(SQ. 

IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

1042 

4001 -A 

YES 

0.445 

3.56 

NO 



0.445 

0.455 



1040 

4001-B 

YES 

0.633 

4.45 

NO 



0.9 

0.4 

0.4 

0.3 

1041 

4001-C 

YES 

0.523 

4.91 

NO 



0.8 

0.34 



1043 

4001-D 

YES 

0.434 

4.91 

NO 



0.323 

0.251 

0.242 

0.277 

1046 

4002-A 

NO 


NO DAMAGE 

NO 







1044 

4002-B 

NO 


NO DAMAGE « 

NO 







1045 

4002-C 

NO 


NO DAMAGE 

NO 







1047 

4002-D 

NO 


NO DAMAGE 

NO 







1056 

4002-E 

NO 


NO DAMAGE 

NO 







1048 

4003-A 

YES 

0.602 

2.41 

NO 



0.71 

0.51 



1049 

4003-B 

YES 

0.711 

3.98 

NO 



0.6 

0.4 

0.49 

0.34 

1051 

4003-C 

YES 

0.504 

2.41 

NO 



0.504 

0.504 



1050 

4003-0 

YES 

0.51 

6.47 

NO 



0.6 

0.33 

0.25 

0.25 

1052 

4004-A 

NO 


NO DAMAGE 

NO 







1053 

4004-B 

NO 


NO DAMAGE 

NO 







1054 

4004-C 

NO 


NO DAMAGE 

NO 








IN-LINE 


HOLE 3 


CRATER 1 



CRATER 2 



CRATER 3 


DIA 1 

DIA 2 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 



0.304 

0.26 

0.083 

0.313 

0.274 

0.038 

0.14 

0.105 

0.01 



0.231 

0.191 

0.054 

0.234 

0.204 

0.061 

0.164 

0.131 

0.029 



0.156 

0.127 

0.0^7 

0.191 

0.131 

0.052 

0.244 

0.147 

0.054 

0.178 

0.125 










0.3 

0.3 

0.146 

0.146 

0.053 

0.171 


G.U.JJ 

0.18 

0.131 

0.079 



0.151 

0.174 

0.048 

0.123 

0.207 

0.073 






0.192 

0.208 

0.063 

0.138 

0.174 

0.065 

0.167 

0.148 

0.129 


t:. 


D4000SER.WK1 



SHOT NO. TEST NO. 


1105 

4100-A 

1106 

i 4100-8 

1108 

4100-C 

1109 

4100-D 

1110 

4101-A 

1111 

4101-8 

1112 

4101-C 

1113 

4101-0 

1190 

4102-A 

1189 

4102-8 

1191 

4102-C 

1209 

4102-C1 

1210 

4102-C2 

1211 

4102-D 

1114 

4103-A 

1115 

4103-B 

1116 

4103-C 

1121 

4103-0 

1118 

4104-A 

1122 

4104-B 

1123 

4104-C 

1124 

4104-0 

1185 

4105-A 

1187 

4105-A1 

1184 

4105-B 

1182 

4105-C 

1183 

4105-0 

1125 

4 106- A 

1133 

4106-A1 

1126 

4106-B 

1134 

4106-B1 

1137 

4106-C 

1136 

4106-0 

1128 

4107-A 

1130 

4107-B 

1131 

4107-C 

1132 

4107-D 

1186 

4108-A 

1188 

4108-A1 

1179 

4108-B 

1180 

4108-C 

1181 

4108-0 


buhper plate hole 

8ACKUALL 

DMIN 

DMAX 

PERFORATED? 

(IN) 

(IN) 


0.324 

0.649 

NO 

0.351 

0.448 

NO 

0.362 

0.453 

NO 

0.406 

0.523 

NO 

0.411 

0.598 

NO 

0.456 

0.61 

NO 

0.536 

0.649 

NO 

0.5 

0.681 

NO 

0.482 

0.665 

NO 

0.519 

0.709 

NO 

0.582 

0.757 

NO 

0.585 

0.782 

NO 

0.578 

0.765 

NO 

0.625 

0.812 

NO 

0.308 

0.561 

NO 

0.342 

0.539 

NO 

0.422 

0.683 

NO 

0,398 

0.818 

NO 

0.429 

0.709 

NO 

0.458 

0.761 

NO 

0.489 

0.826 

NO 

0.536 

0.765 

NO 

0.5 

0.831 

NO 

0.502 

0.856 

NO 

0.536 

0.844 

NO 

0.595 

0.949 

NO 

0.609 

0.984 

NO 

0.314 

0.521 

NO 

0.244 

0.711 

NO 

0.357 

0.581 

NO 

0.318 

0.588 

NO 

0.314 

0.719 

NO 

0.327 

0.932 

NO 

0.384 

1.056 

NO 

0.476 

1.042 

NO 

0.505 

1.361 

NO 

0.532 

0.855 

NO 

0.526 

1.081 

NO 

0.471 

1.249 

NO 

0.514 

1.241 

NO 

0.551 

1.496 

NO 

0.581 

1.521 

NO 


BACKUALL EQ BACKUALL BACKUALL 
MOLE DIAMETER DAMAGE AREA SPALLED? 


(IN) 


(SO. IN.) 


3.14 

NO 

3.56 

NO 

4.41 

NO 


NO 

3.14 

NO 

3.53 

NO 

4.41 

NO 

4.91 

NO 

3.14 

NO 

4.91 

NO 

9.62 

NO 

8.3 

NO 

8.92 

NO 

12.57 

NO 

1.23 

NO 

3.56 

NO 

11.04 

NO 

15.9 

NO 

4.41 

NO 

4.91 

NO 

7.65 

NO 

5.94 

NO 

5.94 

NO 

11.84 

NO 

9.62 

NO 

7.07 

NO 

0.83 

NO 

0.314 

NO 


NO 

5.94 

NO 

3.14 

NO 

1.23 

NO 

1.77 

NO 


NO 

9.62 

NO 

4.91 

NO 

11.83 

NO 


NO 

NO 

NO 

NO 

11.04 NO 


BACKUALL 
SPALL AREA 
(SQ. IN.) 


HOLE 1 
DIA 
(IN) 


HOLE 2 
DIA 
(IN) 


HOLE 3 
DIA 
(IN) 


CRATER 1 
DIA DEPTH 

(IN) (IN) 

0.129 0.01 


CRATER 2 
DIA DEPTH 

(IN) (IN) 

0.118 0.004 


CRATER 3 
DIA DEPTH 

(IN) (IN) 


0.105 

0.029 


0.113 

0.044 

0.10S 

0.138 

0.025 


0.086 

0.05 



0.11 

0.001 


0.104 

0.012 

0.103 

0.136 

0.021 

0.126 

0.13 

0.027 

0.121 

0.137 

0.022 


0.132 

0.024 

0.122 

0.124 

0.027 

0.094 

0.121 

0.035 

0.117 

0.141 

0.019 

0.15 

0.151 

0.011 

0.138 


0.105 0.012 


0.029 


0.004 

0.126 

0.019 

0.024 

0.124 

0.019 

0.026 

0.091 

0.015 

0.023 

0.154 

0.026 

0.01 

0.125 

0.019 

0.027 

0.142 

0.006 

0.024 



0.032 

0.141 

0.026 


0.139 

0.135 

0.024 

0.064 

0.137 
' 0.126 

0.016 

0.032 

0.108 

0.091 

0.025 

0.027 

0.126 

0.04 

0.142 

0.066 

0.126 

0.098 


D4100SER.WK1 
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IN-LINE 


SNOT NO. 

TEST NO. 

8ACKUALL 

BACKUALl EQ 

BACKUAll 

BADCUALL 

BACKUALL 

HOLE 

1 

HOLE 

2 

HOLE 

3 


CRATER 1 



CRATER 2 



CRATER 3 




PERFORATED? 

HOLE DIAHETER 

DAMAGE AREA 

SPALLED? 

SPALL AREA 

DIA 1 

DIA 2 

DIA 1 

DIA 2 

OIA 1 

DIA 2 

DIA 1 

OIA 2 

DEPTH 

DIA 1 

OIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 




(IN) 

(SO. IN.) 


(SQ. IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

1105 

4100-A 

NO 


0.302 

NO 








0.224 

0.161 

0.0056 

0.208 

0.17 

0.033 




1108 

4100*8 

NO 


2.41 

NO 








0.197 

0.162 

0.052 

0.216 

0.164 

0.027 




1108 

4100-C 

NO 


3.14 

HO 








0.226 

0.226 

0.103 

0.16 

0.16 

0.058 

0.241 

0.176 

0.071 

1109 

4100-0 

NO 


1.77 

NO 








0.132 

0.132 

0.047 

0.108 

0.108 

0.034 

0.106 

0.106 

0.015 

1110 

4101 -A 

YES 

0.39 

0.785 

NO 


0.42 

0.362 





0.169 

0.105 

0.038 







1111 

4101 -B 

YES 

0.39 

2.41 

NO 


0.339 

0.449 





0.146 

0.146 

0.026 







1112 

4101 -C 

YES 

0.479 

1.47 

NO 


0.479 

0.479 

0.252 

0.2S2 

0.113 

0.113 

0.17 

0.17 

0.091 

0.115 

0.115 

0.038 

0.152 

0.112 

0.09 

1113 

4101-0 

YES 


0.129 

NO 


0.104 

0.081 

0.099 

0.084 












1190 

4102-A 

YES 

0.696 

7.12 

NO 








0.122 

0.122 

0.054 

0.318 

0.195 

0.093 

0.163 

0.163 

0.027 

1189 

4102-8 

YES 

0.829 

9.82 

NO 

















1191 

4102-C 

YES 

0.874 

14.53 

YES 

0.014 

0.17 

0.121 

0.229 

0.147 

0.576 

0.311 

0.255 

0.168 

0.137 

0.192 

0.192 

0.139 • 

0.24 

0.152 

0.105 

1209 

4102-C1 

YES 

0.566 

13.21 

NO 


0.193 

0.141 





0.237 

0.237 

0.12 







1210 

4102-C2 

YES 

0.964 

15.99 

NO 


0.158 

0.085 

0.197 

0.144 

0.224 

0.16 

0.214 

0.172 

0.04 







1211 

4102-0 

YES 

0.906 

19.64 

NO 


0.137 

0.137 

0.3009 

0.309 

0.288 

0.288 

0.218 

0.218 

0.13 

0.144 

0.144 

0.068 

0.175 

0.146 

0.074 

1114 

4103-A 

NO 


1.23 

NO 








0.182 

0.182 

0.001 







11IS 

4103-B 

NO 


1.5 

NO 








0.155 

0.143 

0.01 

0.138 

0.132 

0.004 




1116 

4103-C 

NO 



NO 

















1121 

4103-0 

NO 



NO 

















1118 

4104-A 

NO 


0.61 

NO 








0.271 

0.126 

0.043 







1122 

4104-B 

NO 


2.09 

NO 








0.309 

0.241 

0.052 

0.214 

0.214 

0.034 

0.212 

0.121 

0.028 

1123 

4104-C 

NO 


4.59 

NO 








0.129 

0.129 

0.041 

0.103 

0.103 

0.017 

0.092 

0.092 

0.01 

1124 

4104-0 

YES 

THRUCRACK 

3.14 

NO 








0.223 

0.195 

0.125 

0.188 

0.1124 

0.037 

0.215 

0.141 

0.083 

1185 

4105-A 

YES 

0.385 

8.35 

NO 


0.413 

0.358 














1187 

4105-A1 

NO 


17.23 

NO 








0.272 

0.272 

0.05 

0.182 

0.182 

0.09 




1184 

4105-B 

HO 


19.24 

NO 








0.232 

0.232 

0.07 

0.311 

0.255 

0.073 

0.42 

0.271 

0.095 

1182 

4105-C 

NO 


15.37 

NO 








0.161 

0.148 

0.068 

0.222 

0.176 

0.04 

0.199 

0.166 

0.035 

1183 

4105-0 

NO 


18.65 

NO 








0.145 

0.145 

0.032 

0.202 

0.158 

0.056 




1125 

4106-A 

NO 


1.77 

NO 

















1133 

4106-A1 

NO 



NO 

















1126 

4106-B 

NO 


2.09 

NO 








0.215 

0.1131 

0.027 







1134 

4106-B1 

NO 



NO 

















1137 

4106-C 

NO 



NO 

















1136 

4106-D 

NO 



NO 

















1128 

4107-A 

NO 



NO 

















1130 

4107-B 

NO 



NO 

















1131 

4107-C 

NO 



NO 

















1132 

4107-0 

NO 



HO 











i 






1186 

4108-A 

NO 


9.62 

NO 

















1188 

4108-A1 

HO 


7.07 

HO 









0.122 








1179 

4108-B 

NO 


10.35 

NO 








0.221 

0.035 

0.171 

0.101 

0.026 

0.212 

0.144 

0.029 

1180 

4108-C 

MO 


15.07 

NO 








0.174 

0.174 

0.074 

0.141 

0.141 

0.071 

0.128 

0.128 

O.OS3 


1181 4108-D HO NO 


D4100SER.WK1 (Continued) 



SHOT NO. 

TEST NO. 

BUMPER PLATE HOLE 

BACKUALL 



DM IN 

(WAX 

PERFORATED? 



ON) 

(IN) 


1058 

4109-A 

0.361 

0.456 

HO 

1059 

4109-8 

0.414 

0.466 

NO 

1060 

4109-C 

0.482 

0.55 

NO 

1062 

4109-0 

0.494 

0.58 

NO 

1064 

4110-A 

0.468 

0.569 

NO 

1065 

4110-B 

0.502 

0.61 

NO 

1068 

4110-C 

5.62 

7.51 

NO 

1069 

4110-0 

0.584 

0.689 

NO 

1070 

41 1 1 -A 

0.515 

0.693 

NO 

1071 

4111-8 

5.575 

0.721 

NO 

1072 

4111-C 

0.66 

0.821 

NO 

1073 

4111-0 

0.681 

0.76 

NO 

1074 

4112-A 

0.33 

0.544 

NO 

1075 

4112-B 

0.455 

0.509 

NO 

1076 

4112-C 

0.429 

0.6 

NO 

1077 

4112-0 

0.556 

0.78 

NO 

1078 

4113-A 

0.4 

0.785 

NO 

1079 

4113-8 

0.446 

0.79 

NO 

1080 

4113-C 

0.668 

0.872 

YES 

1082 

4113-0 

0.601 

0.778 

NO 

1083 

4114-A 

0.532 

0.827 

NO 

1084 

4114-B 

0.559 

0.897 

NO 

1085 

4114-C 

0.659 

0.956 

NO 

1086 

4114-0 

0.7 

1.039 

NO 

1089 

4115 -A 

0.207 

0.238 

NO 

1088 

411S-B 

0.251 

0.354 

NO 

1090 

4115-C 

0.348 

0.461 

NO 

1091 

4115-0 

0.391 

0.509 

NO 

1092 

4116-A 

0.277 

0.623 

NO 

1093 

4116-B 

0.364 

0.837 

NO 

1094 

4116-C 

0.478 

0.942 

NO 

1095 

4116-0 

.518/. 218 

.75/. 377 

NO 

1096 

4117-A 

0.444 

0.909 

NO 

1097 

4117-B 

0.474 

1.162 

NO 

1098 

4117-C 

0.55 

1.232 

NO 

1103 

4117-0 

0.692 

1.443 

NO 


BACKUALL EQ MCKUM.L 
HOLE DIAMETER DAMAGE MCA 
(IN) (SS. IN.) 

3.1* 

3.98 

5.9* 

10.35 

2.41 

2.41 

4.71 

5.39 

3.53 

8.3 

8.3 

6.47 

1.77 

7.07 

3.14 

5.94 

9.62 

3.14 

0.053 2.41 

2.41 
4.91 
7.07 
9.62 
11.04 


2.41 

7.69 


1.77 

5.94 

2.09 

6.51 

8.29 


BACKUALL BACKUALL HO U 1 

SPALLED? SPALL AJtEA OJA 

(SO. IN.) (IN) 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 0.053 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


HOLE 2 
DU 
(IN) 


HOLE 3 

CRATER 

1 

CHAT ER 

2 

CRATER 3 

OIA 

OIA 

DEPTH 

OIA 

DEPTH 

DIA 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 


0.176 

0.042 






0.165 

0.043 

0.224 

0.048 

0.132 

0.041 


0.11 

0.017 

0.1 

0.041 

0.08 

0.011 


0.114 

0.032 

0.1 

0.023 

0.096 

0.004 


0.188 

0.034 

0.119 

0.043 

0.1 

0.019 


0.345 

0.082 

0.215 

0.115 




0.119 

0.062 






0.148 

0.024 

0.102 

0.015 




0.116 

0.029 

0.135 

0.036 

0.132 

0.041 


0.206 

0.011 

0.109 

0.001 

0.28 

0.021 

0.111 

0.03 

0.1 

0.015 

0.047 

0.007 

0.114 

0.036 

0.141 

0.033 

0.139 

0.027 

0.147 

0.033 

0.1 

0.048 

0.118 

0.049 

0.22 

0.007 

0.16 

0.007 



0.183 

0.035 

0.121 

0.037 

0.09 

0.05 

0.133 

0.06 

0.136 

0.057 

0.123 

C.023 

0.166 

0.043 

0.142 

0.024 

0.125 

0.021 

0.151 

0.014 

0.197 

0.024 

0.164 

0.011 

0.181 

0.054 

0.201 

0.106 

0.185 

0.076 

0.179 

0.104 

0.131 

0.028 

0.145 

0.033 

0.183 

0.077 

0.174 

0.097 

0.189 

0.125 


0.181 

0.148 

0.017 

0.019 

0.112 

0.136 

0.016 

0.012 



0.275 

0.165 

0.034 

0.009 

0.194 

0.106 

0.011 

0.025 

0.204 

0.151 

0.003 

0.021 

0.375 

0.183 

0.176 

0.062 

0.108 

0.078 

0.209 

0.289 

0.073 

0.059 

0.179 

0.184 

0.064 

0.046 


D4100SER.WK1 (Continued) 
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IN-LINE 


S*OT NO. TEST NO. 


MCKIMU BACKUAIL CO fACKUAll IACKVAU IACKUAU HOLE 1 

PERFORATED? HOLE DIAMETER OAMAGE A«EA IPAllEO? SPALL AAEA OU I OIA 2 
(IN) (SO. IN.) (W. IN.) (IN) (IN) 


NOLI 2 

OIA t OIA 2 

(IN) (IN) 


1058 

4109-A 

NO 


2.78 

NO 

1059 

41091 

NO 


1.77 

NO 

1060 

4109-C 

NO 


1.77 

NO 

1062 

4109-0 

NO 


2.78 

NO 

1064 

4110-A 

NO 


2.06 

NO 

1065 

41 1 0 - B 

NO 


3.98 

NO 

1068 

4110-C 

NO 


3.14 

NO 

1069 

4110-0 

NO 


4.91 

NO 

1070 

4111-A 

MO 


3.56 

NO 

1071 

4111-8 

NO 


3.14 

NO 

1072 

4111-C 

YES 

0.553 

4.91 

NO 

1073 

4111-0 

YES 

0.321 

6.47 

NO 

1074 

4112-A 

NO 



NO 

1075 

41 12- B 

NO 



NO 

1076 

4112-C 

NO 



HO 

1077 

4112-0 

NO 



NO 

1078 

4113-A 

NO 



NO 

1079 

4113-8 

NO 


3.98 

NO 

1080 

4113-C 

NO 


14.19 

NO 

1082 

4113-0 

NO 


9.62 

NO 

1083 

4114-A 

NO 


5.94 

NO 

1084 

4114-8 

NO 


3.53 

NO 

1085 

41 14- C 

YES 

THRUCRACK 

5.94 

NO 

1086 

4114-0 

NO 


2.41 

NO 

1089 

411S-A 

NO 



NO 

1088 

4115-8 

NO 



NO 

1090 

4115-C 

NO 



NO 

1091 

4115-0 

NO 



NO 

1092 

4116-A 

NO 



NO 

1093 

4116-B 

NO 



NO 

1094 

4116-C 

NO 



NO 

1095 

4116-0 

NO 



NO 

1096 

4117-A 

NO 



NO 

1097 

4117-1 

NO 



NO 

1098 

4117-C 

NO 



NO 

1103 

4117-0 

NO 



NO 


0.142 

0.371 

0.S76 

0.26 


0.09 

0.201 

0.241 

0.167 


0.234 


0.234 


HOLE ) 

OIA 1 OIA 2 

(IN) (IN) 


0.07 0.07 


OIA 1 

CRATER 1 
OIA 2 

OEPTN 

(IN) 

(IN) 

(IN) 

0.292 

0.266 

0.035 

0.258 

0.191 

0.01 

0.085 

0.064 

0.014 

0.327 

0.202 

0.059 

0.28 

0.184 

0.067 

0.185 

0.154 

0.139 

0.119 

0.119 

0.044 

0.36 

0.239 

0.095 

0.342 

0.269 

0.18 

0.182 

0.182 

0.153 

0.203 

0.19 

0.127 


0.376 

0.179 

0.047 

0.136 

0.073 

0.02 

0.154 

0.129 

0.084 

0.206 

0.16 

0.008 

0.201 

0.198 

0.086 

0.292 

0.174 

0.137 

0.242 

0.174 

0.119 


CRATE* 2 


OIA 1 

DIA 2 

OEPTK 

(IN) 

(IN) 

(IN) 


0.08 

0.067 

0.011 

0.237 

0.16 

0.065 

0.21 

0.17 

0.064 

0.156 

0.156 

0.145 

0.114 

0.114 

0.045 

0.217 

0.171 

0.065 

0.325 

0.234 

0.115 

0.169 

0.148 

0.094 


0.12 

0.054 

0.016 

0.103 

0.061 

0.025 

0.192 

0.152 

0.047 

0.229 

0.188 

0.073 

0.226 

0.139 

0.046 

0.187 

0.147 



CRATER 3 

OIA 1 OIA 2 DEPTH 

(IN) (IN) (IN) 


0.219 

0.187 

0.081 

0.204 

0.142 

0.041 

0.084 

0.084 

0.034 

0.13 

0.13 

0.057 

0.189 

0.142 

0.082 

0.205 

0. 134 

0.124 


0.099 

0.056 

0.013 

0.132 

0.106 

0.026 

0.228 

0.171 

0.077 


r 
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NORMAL 


£. 

I 


SHOT NO. 

TEST NO. 

BUMPER 

PLATE HOLE 

BACKUALL 



DMIN 

DMAX 

PERFORATED? 



(IN) 

(IN) 


1170 

9001-1 

0.538 

0.711 

NO 

1171 

9001 -A 

0.593 

0.636 

NO 

1172 

9001 -B 

0.464 

0.625 

NO 

1173 

9001 -C 

0.506 

0.661 

NO 

1174 

9001 -D 

0.460 

0.639 

NO 

1175 

9002-A 

0.489 

0.624 

NO 

1176 

9002-B 

0.502 

0.685 

NO 

1177 

9002-C 

0.514 

0.686 

NO 

1178 

9002 -D 

0.510 

0.624 

NO 


BACKUALL EQ BACKUALL 
HOLE DIAMETER DAMAGE AREA 
(IN) (SQ. IN.) 

8.30 

7.69 

8.92 

7.07 

4.91 

8.30 

9.62 

7.07 


BACKUALL BACKUALL 
SPALLED? SPALL AREA 
(SQ. IN.) 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


HOLE 1 HOLE 2 HOLE 3 
DIA DIA DIA 

(IN) (IN) (IN) 


CRATER 1 
DIA DEPTH 

(IN) (IN) 


OUTER 2 CRATER 3 

DIA DEPTH DIA DEPTH 

< IN > <IN) (IN) (IN) 


SHOT NO. 

TEST NO. 

BACKUALL 

BACKUALL EQ 

BACKUALL 

BACKUALL 

BACKUALL 



PERFORATED? 

HOLE DIAMETER DAMAGE AREA 

SPALLED? 

SPALL AREA 




(IN) 

(SQ. IN.) 


(SQ. IN.) 

1170 

9001-1 

YES 

1.12 

0.99 

NO 


1171 

9001 -A 

YES 

0.195 


NO 


1172 

9001-8 

YES 

0.474 

3.56 

YES 

0.016 

1173 

9001 -C 

NO 


1.23 

NO 


1174 

9001 -D 

YES 

0.197 

5.39 

NO 


1175 

9002-A 

YES 

0.433 

3.56 

NO 


1176 

9002-B 

NO 


3.14 

NO 


1177 

9002-C 

NO 


2.78 

NO 


1178 

9002-0 

NO 


3.53 

NO 



IN-LINE 


HOLE 

1 

HOLE 2 

HOLE 3 


CRATER 1 

DIA 1 

OIA 2 

DIA 1 

DIA 2 

DIA 1 

DIA 2 

DIA 1 

DIA 2 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 







0.339 

0.201 

0.250 

0.152 





0.178 

0.160 

0.095 

0.095 

0.636 

0.340 



0.325 

0.271 







0.192 

0.158 

0.218 

0.179 





0.216 

0.146 

0.287 

0.337 

0.224 

0.269 



0.172 

0.133 







0.196 

0.196 







0.174 

0.174 


CRATER 2 CRATER 3 


DEPTH 

DIA 1 

DIA 2 

DEPTH 

DIA 1 

DIA 2 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

0.104 

0.204 

0.165 

0.088 

0.174 

0.122 

0.021 

0.041 

0.131 

0.198 

0.214 

0.145 

0.200 

0.068 

0.129 

0.205 

0.133 

0.067 

0.049 

0.154 

0.154 

0.050 

0.258 

0.181 

0.108 

0.123 

0.196 

0.185 

0.101 

0.195 

0.162 

0.097 

0.088 

0.239 

0.144 

0.106 

0.159 

0.159 

0.087 

0.128 

0.154 

0.137 

0.096 

0.217 

0.133 

0.103 

0.043 

0.158 

0.146 

0.085 

0.158 

0.158 

0.069 
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IOT NO. 

TEST NO. 

BUMPER PLATE 

HOLE 

BACKUALL 

BACKUALL E9 

BACKUALL 

BACKUALL 

BACKUALL 

HOLE 1 

HOLE 2 

HOLE 3 

CRATER 

1 

CRATER 

2 

CRATER 

3 



DMIN 

DMAX 

PERFORATED? 

HOLE DIAMETER 

DAMAGE AREA 

SPALLED? 

SPALL AREA 

OIA 

DIA 

DIA 

DIA 

DEPTH 

DIA 

DEPTH 

DIA 

DEPTH 






(IN) 

(SO. IN.) 


(SO. IN.) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

(IN) 

769 

CAMERA-T1 

0.583 

0.583 

YES 

1.31 

32.81 

YES 

1.30 

1.313 



0.1 

0.077 

0.085 

0.063 

0.095 

0.064 

771 

STRESS 

0.688 

0.76 

YES 

2.87 

6.5 

NO 


2.87 









772 

STRESS 

0.586 

0.664 

YES 

1.15 

21.65 

NO 


1.15 









774 

STRESS 

0.628 

0.786 

YES 

1.86 

19.65 

NO 


1.86 









919 

FL-1 

0.838 

1.019 

YES 

4.77 

44.18 

NO 


4.77 









920 

fL-2 

0.86 

0.98 

YES 

5.267 

44.18 

NO 


5.27 









894 

MLI-0N-B1 

0.651 

0.651 

YES 

1.84 

6.54 

NO 


1.84 



0.075 

0.016 

0.136 

0.051 

0.094 

0.035 

896 

ML I -ON-B2 

0.738 

0.738 

YES 

3.74 

13.4 

NO 


3.74 



0.141 

0.051 

0.15 

0.05 

0.101 

0.053 

897 

MLI-ON-B3 

0.338 

0.338 

YES 

0.301 

7.07 

NO 


0.115 

0.195 

0.156 

0.113 

0.022 

0.091 

0.038 

0.01 

0.023 

898 

MLI-ON-B4 

0.342 

0.342 

NO 

0.342 

5.64 

YES 

0.018 




0.097 

0.092 

0.101 

0.053 

0.166 

9.097 

1150 

HLI-T-2 

0.655 

0.655 

YES 

0.774 

12.56 

YES 

0.45 

0.774 









859 

ML I -PURGE- 1 

0.692 

0.692 

YES 

8.38 

55.03 

NO 


8.38 



0.206 

0.07 

0.146 

0.065 

0.048 

0.077 

905 

BL-AL-1 

0.674 

0.674 

YES 

0.782 

7.69 

NO 


0.782 



0.082 

0.024 

0.084 

0.02 

0.073 

0.01 

909 

BL-AL-2 



YES 

5.91 

45.36 

NO 


5.91 









734 

CAM-1 

0.531 

0.531 

YES 

0.517 

15.9 

YES 

0.253 

0.527 



0.11 

0.055 

0.112 

0.07 

0.126 

0.066 

735 

CAM- 2 

0.5 

0.51 

NO 


10.99 

NO 





0.125 

0.076 

0.104 

0.108 

0.122 

0.062 

745 

EHSS-M1 

0.73 

0.73 

YES 

1.22 

44.18 

NO 


1.22 









746 

EHSS-M2 

0.682 

0.852 

YES 

0.4 

1 

NO 


0.4 









747 

EHSS-M3 

0.647 

0.647 

NO 


12.56 

NO 





0.15 

0.02 

0.15 

0.02 

0.15 

0.02 

756 

EHSS-M4 

0.636 

0.636 

YES 

0.8 

31 

NO 


0.8 









736 

T5A 

0.656 

0.688 

YES 

2.23 

32.99 

YES 

1.74 

2.23 



0.1 

0.126 

0.106 

0.058 

0.075 

0.092 

737 

T5B 

0.625 

0.656 

YES 

2.19 

38.29 

YES 

1.28 

2.17 

0.108 

0.24 

0.102 

0.035 

0.1 

0.135 

0.108 

0.135 

738 

T5C 

0.656 

0.656 

YES 

2.18 

35.74 

YES 

1.47 

2.16 

0.23 

0.138 

0.1 

0.125 

0.097 

0.071 

0.075 

0.075 

739 

T5D 

0.625 

0.688 

YES 

2.47 

28.27 

YES 

1.2 

2.462 

0.1163 

0.075 

0.17 

0.108 

0.102 

0.076 

0.063 

0.042 

740 

T5E 

0.656 

0.688 

YES 

11.5 

103.67 

NO 











741 

T5F 

0.625 

0.625 

YES 

7.5 

43.98 

NO 











742 

T5G 

0.625 

0.625 

YES 

6.5 

32.98 

NO 











748 

T5H 

0.5 

0.5 

YES 

0.12 

6.87 

NO 


0.12 



0.105 

0.031 

0.167 

0.089 

0.149 

0.05 

749 

T5I 

0.531 

0.563 

NO 


7.66 

NO 











750 

T5J 

0.469 

0.469 

YES 

0.267 

8.25 

NO 


0.267 



0.11 

0.05 

0.1 

0.041 

0.12 

0.033 

751 

T5K 

0.469 

0.5 

NO 


5.89 

NO 





0.135 

0.095 

0.085 

0.017 

0.1 

0.045 

752 

T5L 

0.5 

0.5 

NO 


7.66 

NO 





0.063 

0.03 

0.075 

0.024 

0.086 

0.02 

754 

T5M 

0.5 

0.5 

NO 


10.31 

NO 





0.08 

0.055 

0.102 

0.078 

0.12 

0.032 


DMISC.WK1 



125 


9EI 


SHOT HO. TEST NO. 

BUMPER PLATE 
OMIN 

HOLE 

MAX 

BACKUALL 

PERFORATED? 

BACKUALL EQ 
HOLE DIAMETER 
(IH) 

BACKUALL 
DAMAGE AREA 
(SO. IH.) 

906 

UG01 

0.673 

0.673 

YES 

7.43 


907 

WG02 

0.671 

0.671 

YES 

8.22 


912 

WG03 

0.665 

0.665 

YES 

10.39 


913 

WG04 

0.669 

0.669 

YES 

7.5 


921 

UG05 

0.805 

0.805 

YES 

0.497 

45.84 

922 

UG06 

0.807 

0.807 

YES 

4.05 

12.88 

925 

WG07 

0.621 

0.973 

YES 

1.324 

25.78 

926 

UG08 

0.683 

0.998 

YES 

2.78 

12.56 

927 

WG09 

0.673 

0.997 

YES 

3.742 


887 

FP-01 

0.687 

0.687 

YES 

9.798 

70.88 

892 

FP-02 

0.688 

0.688 

YES 

9.949 

70.88 

893 

FP-03 

0.678 

0.678 

YES 

9.22 

56.74 

899 

FP-04 

0.678 

0.678 

YES 

9.381 

63.62 

932 

FP-5 

0.656 

0.656 

YES 

3.54 

95 

933 

FP-6 

0.656 

0.656 

YES 

3 

78.54 

934 

FP-7 

0.656 

0.656 

YES 

3.5 

78.54 

937 

FP-08 

0.878 

0.878 

YES 

7.258 


938 

FP-09 

0.868 

0.868 

YES 

5.19 


942 

1001-B/FP-1 

0.3125 

0.3125 

NO 


3.14 

946 

1001-C/FP-1 

0.344 

0.344 

NO 


1.76 

947 

1001-A/FP-1 

0.25 

0.25 

NO 


0.79 

948 

1002-B/FP-1 

0.4375 

0.4375 

YES 

0.3 

5.93 

950 

1004-A/FP-1 

0.344 

0.438 

NO 


9.62 

951 

1004-B/FP-1 

0.375 

0.438 

NO 


12.56 

952 

1002-A/FP-1 

0.375 

0.375 

YES 

0.437 

4.91 

953 

1002-C/FP-1 

0.468 

0.468 

NO 


3.14 

954 

1005-A/FP-1 

0.5 

0.656 

YES 

THRUCRACK 

5.55 

955 

1005-B/FP-1 

0.656 

0.688 

YES 

0.171 

7.51 

957 

1005-C/FP-2 

0.563 

0.688 

YES 

0.178 

6.34 

958 

1003-A/FP-2 

0.5625 

0.5625 

YES 

2.81 

7.07 

1099 

1003-B/FP-2 

0.565 

0.565 

YES 

0.411 

28.27 

1100 

1003-C/FP-2 

0.631 

0.631 

YES 

7.541 

45.36 

1101 

1006-A/FP-2 

0.65 

0.778 

NO/YES 


4.41/2.09 

1102 

1006-B/FP-2 

0.654 

0.66 

NO /YES 

1.65 

11.05 


8ACKUALL 

SPALLED? 


NO 

NO 

NO 

NO 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

NO 

NO 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


BACKUALL 
SPAU AREA 
(SO. IN.) 


HOLE 1 HOLE 2 HOLE 3 CRATER 1 
D1A DIA DIA DIA DEPTH 

ON) (IN) (IN) (IN) (IN) 


7.43 

8.22 

10.39 

7.5 



0.262 

4.05 

0.25 

0.162 

0.841 

2.78 

0.899 

0.252 


CRATER 

2 

CRATER 

3 

DIA 

DEPTH 

DIA 

DEPTH 

(IN) 

(IN) 

(IN) 

(IN) 


9.798 

9.949 

9.22 

9.381 

3.54 

3 

3.5 

7.258 

5.19 



0.16 

0.053 

0.14 

0.022 

0.19 

0.023 


0.154 

0.03 

0.121 

0.034 

0.14 

0.026 


0.23 

0.037 

0.236 

0.054 

0.11 

0.012 

0.203 

0.11 

0.115 

0.111 

0.65 

0.084 

0.04 


0.17 

0.05 

0.168 

0.054 

0.124 

0.034 

0.437 

0.06 

0.034 

0.073 

0.031 

0.084 

0.013 

0.246 

0.029 

0.073 

0.044 

0.069 

0.012 


0.1 

0.125 

0.073 

0.057 

0.09 

0.049 

0.1 THRUCRACK 

.311/. 311 

>0.125 

.236/. 145 

>.125 

.251/. 157 

0.06 

0.171 

0.114 

0.066 

0.167 

0.054 

0.058 

0.027 

0.178 

0.1 

0.07 

0.078 

0.058 

0.15 

0.028 

2.81 

0.155 

0.035 

0.09 

0.05 

0.053 

0.048 


1.62 

7.54 

INLINE*. 64 .276/. 276 0.113/0.113 
INLINE*. 4/. 4 
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